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BENDIX HAND CONTROL VALVE 
Four Tofgrmanee (tt te Lower lot Than Ever Dele! 


Here is the valve that gives truckers the ultimate in hand 
controls for vacuum braking systems—but costs even less 
than ordinary models. The new Bendix Hand Control 
Valve is a simple, rugged unit with a clean, modern 
appearance that adds to the good looks of any cab 
interior. Its absolute dependability and consistent pre- 





cision set an all time high for performance—and at a 
lower cost than ever before! Available with or without 
an integral, easy-to-read vacuum gauge, the new Bendix 
Hand Control Valve assures maximum flexibility with 
today’s vacuum trailer braking assemblies. For complete 
details write the factory direct. 
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Export Sales: Bendix International Division, 
72 Fitth Avenue, New York 11, New York 





























GRADUATES ACCURATELY 7~ Y i HOLDS A SETTING 
The new Bendix Hand Control Valve When the handle is left in a fixed posi- 
al applies the brakes in amount exactly BUILDERS a tion, there is no tendency for brakes to 
corresponding to where the handle is creep on or off—no “leakover” when 
set—no more and no less—and the OF THE BASICS the valve is seated. 
driver can depend on it. 
+ oa AND HERE’S WHY 
ACTS CONSISTENTLY MOTOR VEHICLES This new hand control valve is a 
Graduated braking is always the same, _ product of Bendix, greatest name in 
i in application and release each time . ale braking. Engineered and precision 
the valve is used. built, it delivers dependable perform- 
V ance under all operating conditions. 
































Jet Transports 


—Their Promise and Problems 


EXCERPTS FROM TALK* BY 


William Littlewood 


Vice-President, Engineering 
American Airlines, Inc 


E have the British to thank for blazing the trail 

in turbine-powered transport aircraft and for 
giving us an abrupt and belated awakening. But 
we know the promise—and the problems. Unless 
we continue to sleep, the British head start need not 
place us at a serious disadvantage. In fact, our 
eventual products should benefit greatly from any 
and all of the early experience being acquired. We 
may be spared some of the design errors and mis- 
judgments with which past aircraft programs, even 
in thoroughly conventional types, have been replete. 


The Promise 


What allure does the concept of turbine-powered 
transport aircraft hold? 

First—speed! We will always seek more speed in 
transportation. It is the essence of air travel, 
directly increasing the useful range of acceptable 
travel times. Turboprops hold forth the promise of 
relatively modest increases in speed, with good range 
economy. Jets promise much more speed—but at 
a high fuel consumption rate which now defeats 
long range economy and confines the jet transport 
to short ranges where the speed advantage is an 
element of diminishing return. 

Then—smoothness and quietness—greatly in- 
creased passenger comfort and appeal—the promise 
of truly restful flight—plus benefits in the struc- 
tural and maintenance fields from lack of vibration. 

And third—the promise of simplicity, in principle 
in powerplant operation and control, in cockpit 
instrumentation and manning, and in increased 
reliability and economy. If these promises can be 


* Talk “let Transport Jitters” was presented at SAE Metropolitan Sec- 
tion on Dec. 15, 1949. (This talk is available from SAE Special Publica- 
tions Department. Price 25¢ to members, 50¢ to nonmembers.) 
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fulfilled without undue increases in unit cost of 
operation, and without undue restrictions or prob- 
lems of operating, and with truly increased basic 
safety, who will not accept them—or, in any event, 
seek them? 

We must strive to attain them by the turbine 
powerplant path, for we do not know how to go 
much further nor how to achieve some of the im- 
provements down the reciprocating-engine road. 

It is quite generally agreed that we must have 
powerplant units well in excess of 5000 hp or 5000 lb 
of thrust (which equals 5000 hp at about 375 mph). 
We now have approximately 4000 hp anticipated 
from our largest and most complex reciprocating 
engine. While that rating may some day be 
stretched further, it probably will never go beyond 
5000 hp. Nor does anyone indicate any desire to 
develop or see developed a reciprocating powerplant 
larger or more complex than that one! So, if we 
wish and need—as we do—to advance greatly in unit 
power or thrust, we look to turbine type powerplants. 


Some Problems 


To see the promises fulfilled, however, we must 
face and solve some problems. 

First, as to speed . . . We must have more thrust. 
The turboprop can give it to us.—So can the jet. 
The turboprop at take-off differs little from the 
reciprocating-engine propeller characteristic at like 
horsepower. On the other hand, the jet suffers a 
substantial loss of static thrust for a powerplant of 
comparable flight power or thrust. If we make the 
jet powerplant big enough to give the desired take- 
off thrust, it will be too large and uneconomical for 
the other flight requirements. For this reason, 
auxiliary take-off thrust devices have been de- 
veloped. They are quite useful for military purposes 
but too noisy or heavy for commercial use. There 





are, of course, afterburning, or “reheat” as the 
British name it; water injection to increase flow; or 
auxiliary rockets. The operation of the first makes 
you suspect the hereafter—and a warm one—has 
come! The second is a very heavy device. The last 
makes you sure you are about to receive a premature 
reward for your earthly sins! 

Furthermore, turbine characteristics are such that 
reasonable economy of fuel is obtained only at high 
altitudes approaching the ceiling of the plane— 
which keeps increasing as the flight progresses and 
fuel is used up—and at high rated rpm, which gives 
little flexibility as to altitude or speed performance. 
These factors, as well as the great sensitivity of 


turbine power to ambient temperature, greatly re- | 


strict and influence cruise control and require a new 
and different technique. The flight plan must be 
strictly adhered to or the penalties in fuel consump- 
tion may be very serious. 


Overspeeding Dangerous 


This requirement for continuous high-rpm opera- 
tion approaching the design speed of the turbine 
emphasizes one of the critical characteristics of such 
powerplants—particularly the turboprop combina- 
tion which has difficulty in achieving good speed 
regulation or, more seriously, overspeed prevention 
—which may induce catastrophic turbine wheel 
failure. As little as 10% overspeed can be hazardous 
and its prevention is left primarily to a sensitive, 
rather complex, and fast-acting propeller pitch 
change and power limiting device. The reciprocat- 
ing engine is much less sensitive. So also is the jet, 
which experiences the beneficial effects of airflow 
mass damping to a much greater degree, and is not 
affected by abrupt external load changes as may be 
caused by a propeller under the influence of airflow 
irregularities. 

The airplane designed to operate at the high al- 
titudes and speeds necessary for efficient turbine 
powerplant operation is inevitably one of relatively 
low wing loading and low span loading with high 
aspect ratio. The airfoils are thin and frontal area 
and drag are kept toa minimum. Neither the air- 
plane nor its powerplants are good or efficient per- 
formers at low speed or altitude, which complicates 
the holding problem. In a stream of conventional 
aircraft handled under instrument conditions by a 
holding stack technique, it would be necessary to 
clear turbine transports almost straight in with 
minimum delay. This special treatment could be 
accorded a few aircraft representing a small per- 
centage of the total, but as the percentage grew the 
problem could not be handled by current techniques. 

The high altitude requirement, which goes in- 
evitably with the desired high performance and 
reasonable efficiency of turbine-powered aircraft, 
involves serious problems of pressurization. In the 
interests of simplicity, it seems very desirable that 
the needed cabin heat and pressure be provided by 
bleeds from the turbine compressor suppliers. 
Strangely enough, this has not been done in a num- 
ber of the British transports. They are still provided 
with separate supercharger units for cabin pressure. 
However, it can and should be done. 

The cabin pressure problem, in addition to the 
need for most excellent automatic controls for rapid 





climb and descent (limited by air brakes), is tha: 
of the essentiality of complete reliability against ex 
plosive decompression. We have learned that : 
cabin window or door blowout—assuming no ons 
is disposed so as to be caught in the draft—is quite 
harmless, and plenty of time is available for leisurely 
correction to a lower altitude. The same is almost 
true at 25,000 ft and only somewhat less so at 30,000 
ft. But at 35,000 to 45,000 ft—the altitudes tur- 
bines like best—we must not have pressure cabin 
failures. No time is left for correction! 

Another problem of the much higher turbine air- 
craft speeds is that of coping with ran‘and hail 
Rain has, as far as I know, never seriously harmed a 
300-mph airplane of conventional construction. Hail 
can do much damage even at that speed. In the 
larger sizes, it should be avoided at that and all 
higher speeds. And there is the need for airborne 
radar, if with several other benefits, it can aid in 
detecting and avoiding serious hail. But at 500 mph 
and up, rain becomes almost as abrasive as sand, 
and special provisions must be made against it. 

And then, the promise of smoothness and quiet- 
ness is not to be achieved without effort. Turbines, 
as contrasted with reciprocating engines, do have 
the inherently smooth operation of balanced high- 
speed rotation. However, the turboprop still has its 
propeller, and a substantial portion of aircraft noise 
and vibration come from that source, particularly as 
the propeller is speeded up to achieve the needed 
efficiency. And the jet exhausts must be regarded 
most respectfully and arranged most carefully with 
respect to any passenger load, or the noise is of an 
amount and nature to be almost intolerable. Asa 
general rule, the live load must be disposed forward 
of the plane of jet exhaust outlets. The problem 
becomes worse and more restrictive when the jets 
are located in toward the fuselage. Inboard loca- 
tion gives high noise level and inherent fire or me- 
chanical hazard, whereas outboard location gives 
undesirable thrust unbalance in the event of unit 
power failure. 


External Fuel Cells Required 


We will assume that a kerosene or high-flash- 
point type of fuel will be used. But fire safety will 
depend more on the fuel disposition in the aircraft 
than on the nature of the fuel. The fuel should cer- 
tainly not be too close to the power units. The fuel 
should certainly not be in the fuselage, particularly 
aft of the passengers. But the basic problem is 
where to put the fuel in an airplane with a high con- 
sumption type of powerplant combined with thin 
wings and small frontal area, and therefore small 
internal volume. For basic safety, I feel, the power- 
plants should preferably be outside the aircraft 
structure and the fuel should be outboard of the 
fuselage and adequately separated from the power- 
plants, with no fuel aft of any powerplant. This 
almost requires external power eggs and some ex- 
ternal fuel cells, such as tip tanks. 

I am not too enthusiastic about British proposals 
to use dilute exhaust gas for de-icing—for even with 
a fuel free of lead, I would fear possible acid cor- 
rosion of structure. Windshield de-icing and pro- 
peller de-icing for turboprops, will remain to be 
handled as at present. For jet intakes it is not at all 
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ire that the ice problem has been adequately 
olved, particularly for axial-flow-compressor units. 
Probably the greatest single and basic problem 
ve face in the development of suitable jet transport 
ircraft, is, as it has always been with conventional 
transports, the development and proving of the 


powerplant units. In striving for the last ounce of 
performance from the military powerplant units 
developed in the United States to date, there is not 
yet available the rugged reliability and dependa- 
bility essential to a transport type powerplant. With 
reciprocating powerplants, the necessary dependa- 
bility couid be achieved with benefit to all engine 
characteristics by derating. But with turbine type 
powerplants, derating will promote reliability but 
it a too costly price in efficiency and usefulness. 
Our greatest need therefore is to establish a program 
leading to the earliest possible availability of some 
modified turbine type powerplants of transport type 
dependability and economy. In addition to this 
problem, we must continue the search for basic fuel 
economies to make the turbine type powerplant 
desirable and useful in commerce. 

Among the many problems we face in introduc- 
ing jet powered transports one day will be a change 
in airport airplane handling techniques and provi- 
sions. It will not be suitable to start up on jets at 
the ramp—or we may have some singed or damaged 
property or personnel. The jet exhausts must be 
treated with proper respect! We will probably load 
at the ramp and tow by tractor close to a position 
near the take-off end of the runway. There provi- 
sions must be made for services needed for any take- 
off hold anticipated, as well as substantial capacity 
for starting the jets just prior to take-off. 

And I must call attention to the fact that while— 
with jets—the take-off runway length requirements 
are severe without assist, the landing lengths are 


likely to be much more severe, lacking the decelera- 
tion of propeller drag or reversal and with a clean 
airplane with necessarily small wheels and brakes! 


A Program 


So we have lots of problems to face—many more 
than I have hinted at. We have problems of the 
aircraft and its powerplants, fuels, accessories. in- 
struments, and equipment, and more particularly 
how to cope with the operational problems of ground 
handling, take-off, high speed and high altitude 
cruising flight control, rapid-descent approach and 
landing, including a proper disposition of the hold- 
ing problem. All this further involves as yet un- 
solved problems of communications, traffic control, 
and meteorology. 

Our program is to solve all these problems simul- 
taneously so that one day we will have one or more 
types of desirable high-speed transports of suitable 
range and capacity ready to perform safely, reliably, 
and economically, and so that we will also be pre- 
pared to operate them safely and efficiently in sub- 
stantial numbers under all reasonable conditions of 
weather and traffic. 

It will cost a great deal of money and take a lot 
of time, energy, and brains to bring all these things 
to fruition. We must be prepared for some false 
Starts and some mistakes. We've always made some 
when we were getting anything done! It will also 
take a lot of cooperation and willingness to com- 
promise! And these last may be the hardest to get! 
We can do it—and the sooner we get started the 
sooner we'll get results. My orchid goes to the first 
fellow who gets the first group together to take the 
first constructive step in the cooperative program 
leading to the first American turboprop and turbo- 
jet transports in operation! 





High Pressure Strainer 
For Hydraulic Systems 


This high-pressure strainer, for hydraulic systems 
of earthmoving equipment, was developed by the 
Hydraulic Equipment Co. It is a partial strainer 
placed in the high pressure manifold of the pump. 
The strainer works on the principle that the heavy 
particles in the oil will carry to the outside of the 
sweeping core passage in the high pressure side of 
the pump housing. 

About 25% of the oil flowing through the housing 
manifold passes through the strainer element; the 
balance flows by the strainer element. 

With the pump delivering 55 gpm in a 5-gal sys- 
tem, with 0.66 cu in. of foreign material consisting 
of bronze cuttings, aluminum drill chips and copper 
wool cuttings, the following strainer effectiveness 
was recorded: 


@ After 10 min, 50% of foreign particles was 
strained, 
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@ After 30 min, 
strained, 

@ After 90 min, 
strained. 

A 2-hr run with this style filter just about cleanses 
all pipe scale, thread compound, core sand, and 
thread and fitting chips from the hydraulic system. 
(From paper “Hydraulic Power as Applied to Earth- 


moving Equipment,” by E. J. Hrdlicka, Hydraulic 
Equipment Co.) 


80% of foreign particles was 


98% of foreign material was 
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STUDEBAKER 'S 
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Fig. 1—Cross-section of Studebaker’s automatic transmission 


(This paper will be printed in full in SAE Quarterly 
Transactions.) 

NTRODUCTION of the Studebaker Automatic 

Transmission culminates nearly 15 years of in- 
tensive research and development carried on indi- 
vidually or cooperatively by the engineering divi- 
sions of the Borg-Warner Corp. and Studebaker. 
The ground rules which have been rigidly adhered 
to in the design and development work culminating 
in the release of this transmission for production 
are: 

1. Performance and driving flexibility equal to or 
better than overdrive. 

2. Adaptability to standard powerplant. 

3. Elimination of the clutch pedal. 

4. Automatic selection of the required gear in 





drive range regardless of throttle position. 

5. Down-hill engine braking equal to or better 
than second gear in a slide-gear transmission. 

6. Manual over-rule or kick-down from direct to 
intermediate gear. 

7. Hydrokinetic means for boosting torque for 
starting or acceleration in geared ratios. 

8. Positive mechanical drive in direct to eliminate 
slippage and preserve fuel economy. 

9. No creep with car stationary and in gear. 

10. Lock-out of reverse while car is in forward 
motion yet retaining ability to “rock” as in snow 
or mud. 

11. Retention of “hill holder” characteristics. 

12. Transmission cooling system independent of 
engine cooling system. 

13. Taxi push at relatively low speeds. 
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Automatic Transmission 





EXCERPTS FROM PAPER* BY 


H. E. Churchill 


Director of Research 
Studebaker Corp. 





14. Engine cranking by starter in “neutral” or 
“park” positions only. 

15. Readily accessible and easily replaceable sub- 
assemblies for simplicity of service. 

16. Mechanical parking lock. 

17. No “timed” or “ overlap” shifting in automatic 
selection of gears. 

These ground rules have been satisfied by suitable 
arrangement of the following major elements, which 
constitute the basic transmission design, Fig. 1: 

1. A single-stage, three-element torque converter 
completely fabricated from stampings, 

2. Two epicyclic single-planet helical gear sets, 

3. Two gear-type oil pumps, 

4. One multiple-disc clutch, 

5. One single-plate disc clutch submerged in oil 
for direct drive, 


6. Three band-type clutches with suitable servo 
mechanisms, 

7. Three sprag-type free-wheel units, 

8. One valve block assembly, and 

9. One centrifugal mechanical governor. 


The three elements of the converter and the direct 
drive clutch are combined in a unit assembly at- 
tached to the engine crankshaft adapter plate by 
Studs projection-welded to the front face of the 
stamping, which forms the front half of assembly. 
The outer shell of the pump, or impeller element of 
the converter, provides the rear half of the assembly, 
and includes a tongued sleeve for driving the front 
oil pump at engine speed. 

The turbine and stator elements are connected to 
the hub of the front ring gear and main case re- 
spectively by splined hubs, thus permitting removal 
of the transmission unit as a separate assembly for 
ease of service. Since these members are splined 


*Paper “The Studebaker Automatic Transmission,” was presented at 
SAE Annual Meeting, Detroit, Jan. 11, 1950. (This paper is available 
in full in multilithographed form from SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ to nonmembers.) 
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and free to move axially, thrust forces within the 
converter are self-contained on bronze thrust bear- 
ings interposed between the pump and turbine ele- 
ments, with the stator hub acting as a spacer. All 
converter elements are made from stampings and 
the uniform thickness blades are secured to their 
respective housings by a suitable snap fit into 
detents and bent over lugs on the blades. 

The direct-drive clutch pressure plate is bolted to 
the flywheel section or front half of the converter 
assembly. The clutch piston is suspended on the 
flywheel section by three equally-spaced tangential 
spring-steel straps which transmit half the direct 
drive torque, yet permit axial movement of the pis- 
ton for application of hydraulic pressure to engage 
the clutch driven member. 

The single-plate driven member is faced with 
ground cork linings and has a conventional helical 
spring torsion member incorporated in the splined 
hub to control torsional vibrations of the trans- 
mission mainshaft when the clutch is engaged for 
direct drive. The friction facings are concentri- 
cally grooved to provide smooth clutch engagement. 
A lip-type seal is used to prevent oil leakage be- 
tween the piston cylinder and converter proper, 
and leakage at the mainshaft feed tube is limited by 
an “O” ring seal at the circumference of the small- 
diameter hole at the center of the piston. 

The primary function of a hydraulic torque con- 
verter is to provide an infinitely variable torque 
multiplication between the limits of some finite 
value and unity. Maximum multiplication is ob- 
tained at zero speed ratio. While torque is being 
multiplied, the stator reaction forces tend to rotate 
the stator backward, but the reverse rotation rela- 
tive to the case is prevented by a free-wheel unit. 
As the turbine increases in speed relative to the im- 
peller or pump element the torque ratio decreases. 

When the torque ratio becomes unity, there is no 
reversing force acting upon the stator and slightly 
higher speed ratios produce flow characteristics that 
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Fig. 2—Schematic of the Studebaker automatic transmission. The table shows the clutches and bands engaged in the three forward speeds and 
reverse 





cause the stator to free-wheel in the same direction 
as the pump and turbine members. The converter 
thus becomes a fluid coupling at all speeds higher 
than the speed ratio producing unity torque ratio. 
The maximum torque ratio at stall is 2.15 to 1 and 
the engine speed under this condition is 1475 rpm. 

The converter as used in this transmission has a 
maximum 90% hydraulic efficiency. The specific 
speed factor K indicates a stall speed of approxi- 
mately 1475 rpm. Unity torque ratio is obtained at 
0.88 speed ratio, providing converter torque multi- 
plication at all speeds below approximately 35 mph 
at full throttle in the intermediate range and about 
22 mph in low range. 

The transmission assembly provides three speeds 
forward pote evento mre and direct) and reverse. 
The geared ratios of low, intermediate, and reverse 
are combined with the torque multiplication of the 
converter. The combination of the converter and 
three forward ratios provides performance charac- 
teristics comparable to those obtained with the 
four-speed ratios of the overdrive transmission 
without significant sacrifice in fuel economy. Since 
final drive is direct, a 3.54 to 1 rear axle ratio is em- 
ployed, and therefore propeller shaft speeds are re- 
duced proportionately from those obtained with 4.56 
to 1 axle ratio required for suitable performance in 
the regular overdrive transmission. 

The two planetary gear sets, band-type clutches, 
multiple disc clutch and free-wheel units are of 
conventional design and construction. They are 
combined in an easily removable assembly, sym- 
metrical about the transmission main shaft. Where- 
as the detailed construction of the gear train is 
conventional, the methods used to obtain the various 
ratios are unique, since no “timed” or “overlap” 
clutching functions are required to obtain auto- 


maticity of “up” or “down” shifts in the intermedi- 
ate and direct gears of the “D” or driving range. 
Reference is made to the numbered units of the 
schematic drawing of the gear train, in Fig. 2, 
throughout the following description of the meth- 
ods used to obtain the various ratios. 

In first gear, low band (3) and forward drive band 
(4) are applied through their hydraulic servo mech- 
anism. Low band (3) holds the sun gear of plane- 
tary set “A” stationary, while forward band (4) 
holds the sun gear of planetary set “B” stationary 
through the rear free-wheel unit “D’”. The power 
flow is from the turbine shaft of the converter to 
the ring gear of planetary set “A”. In a simple 
planetary gear system a forward ratio drive is ef- 
fected through the planet carrier of the set, when 
the input is through the ring gear and the sun 
gear is held stationary. 

Set “B” functions likewise, but produces a differ- 
ent ratio due to different numbers of teeth. The 
total ratio in first gear is the product of these two 
ratios (1.609 “Set A” x 1.435 “Set B”) or 2.308 to 1. 
The combination of this gear reduction and the 
torque multiplication in the converter at stall pro- 
vides a maximum ratio of approximately 4.96 to 1 at 
the propeller shaft. 

Intermediate gear is obtained by releasing low 
band (3) and applying the multiple-disc clutch (2) 
through a hydraulic piston. When any two mem- 
bers in a single planet gear system are locked to- 
gether, the entire set will revolve as a unit. The 
multiple disc clutch in this case locks the planet 
carrier to the sun gear of set “A,” thus transmitting 
the output of the converter directly to the ring gear 
of set “B.” 

The sun gear of set “A” will free-wheel through 
the front free-wheel unit “C” under this condition. 
Therefore, the geared ratio in intermediate is only 


SAE JOURNAL 








in MO ap NS ee «aoe ah 








ent wea Sel © ~*F 


- OO 1 


@ 








1at produced by set “B,” or 1.435 to 1. The com- 
nation of this gear reduction and the torque 
ultiplication in the converter at stall gives a maxi- 
um ratio of approximately 3.08 to 1 at the propeller 
aft. 
In direct, the multiple clutch (2) and the forward 
ind (4) remain engaged as in intermediate gear. 
ingle-plate clutch (5) is applied through a hy- 
raulic piston mounted in the engine flywheel and 
ransmits engine torque direct to the propeller 
hnaft. The two planetary gear sets revolve as a 
nit at crankshaft speed and both sun gears free- 
vheel. Since the torque converter is completely 
locked out of the system, the efficiency of the drive 
s increased due to absence of slip. It will be ob- 
erved that “up” shifts in the driving range from 
ntermediate to direct are made by applying the 
lirect drive clutch and no bands or clutches are re- 
leased. Down shift from direct to intermediate is 
made by releasing the direct drive clutch. The for- 
ward band (4) remains on in all forward speeds. 

All bands and clutches are released in reverse 
gear except reverse band (1). This band is applied 
through a hydraulic servo mechanism and holds the 
planet carrier of set “A” stationary. When the in- 
put is through the ring gear of a single planet sys- 
tem and the planet carrier is held stationary, the 
sun gear will be driven in reverse direction, but 
with an overdrive ratio. 

The overdrive reverse motion of the sun gear of 
set “A” is transmitted to the sun gear of set “B” 
through free-wheel unit “C,” which does not free 
wheel in reverse direction. The ring gear of the 
“B” set is held stationary by splined connection to 
the planet carrier of set “A.” This connection pro- 
vides a reverse gear reduction of 2.009 to 1 in the 





driving system. The combination of this gear re- 
duction and the torque multiplication in the con- 
verter at stall gives a maximum reverse ratio of ap- 
proximately 4.30 to 1 at the propeller shaft. 

There is no connection in neutral between the 
torque converter and the transmission because all 
the bands and clutches are released. 

The hydraulic control system for manual or auto- 
matic gear selection comprises front and rear oil 
pumps, valve block, and a centrifugal-mechanical 
governor. The front pump is an internal gear type, 
driven by the engine and the external helical gear 
rear pump is driven by the propeller shaft. The 
front pump fulfills all requirements for starting and 
low speed operation. Front pump delivery is re- 
duced to atmospheric pressure when rear pump dis- 
placement is adequate to satisfy all requirements. 

Both pumps supply lubrication and the necessary 
pressure for control of the various band and plate 
clutches. They also circulate oil through, and 
maintain pressure in, the converter. The rear 
pump has sufficient capacity to operate the neces- 
sary clutches for push starting at speeds from 10 
to 20 mph, depending upon oil temperature. 

The control system in forward speeds operates 
on a normal pressure of 80 psi. An oil pressure of 
27 psi is maintained in the converter. The reverse 
servo requires 200 psi on its double piston to pro- 
vide band capacity for full stall torque. 

Manual selection of the several ranges is made by 
movement of the lever located in the position for- 
merly occupied by the steering column shift lever. 
The various positions of the selector valve are indi- 
cated on a quadrant adjacent to the steering wheel 
hub. They are identified by the letters (illuminated 
at night) “P,” “N,” “D,” “L,” and “R,” reading from 


Fig. 3—Selector lever and quadrant for the Studebaker automatic transmission 
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Fig. 4—Car versus engine speed characteristics with the Studebaker 
transmission 





left to right as viewed from the driver’s position 
See Fig. 3. 

“p” or park position is obtained by raising th: 
lever from “N” or neutral and rotating it counter. 
clockwise. When the lever is placed in the park 
position, a parking pawl pivotally mounted on ths 
transmission case is mechanically engaged with ths 
teeth of the parking gear splined to the main shaft 
and thus the rear wheels are locked to prevent ro- 
tation. This provides a positive mechanical park- 
ing brake. 

A novel safety feature of this brake is a hydraulic 
interlock actuated by rear pump pressure, which 
prevents engagement of the pawl at car speeds above 
2 or 3 mph, even though the shift lever might ac- 
cidentally be shifted into the “P” position. 

“N” or neutral position of the selector lever dis- 
connects the engine from the drive line. When the 
selector valve is in the “N” or “P” position, line 
pressure (80 psi) is cut off from all bands and 
clutches; however, the converter valve maintains 
27 psi in the converter whenever the engine is run- 
ning. The electrical starter circuit is broken except 
when the lever is in “N” or “P” position, thus pre- 
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Fig. 5—Schematic diagram of the no-creep system built into the Studebaker automatic transmission, which prevents traffic light 
crawl and acts as a hill-holder 
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venting starting the engine in gear. 

“Dp” or drive position is obtained by moving the 
shift lever clockwise from “N.” Overshifts are pre- 
vented by a mechanical stop in the shift quadrant. 
The “D” position is used for all normal driving 
wherein automatic shifting occurs between inter- 
mediate and direct. With the lever in this posi- 
tion, the car always starts in intermediate and the 
starting torque ratio is approximately 3.08 to 1. 
Automatic shifts from intermediate to direct under 
power or with closed throttle, as in coasting, take 
place within the following limits (see Fig. 4), de- 
pending upon speed conditions and torque require- 
ments: 

1. Starting with a very light accelerator depres- 
sion or road-load throttle, the transmission auto- 
matically shifts from intermediate to direct at 
about 18 mph. 

2. Starting with full throttle, but not depressed 
past kickdown detent, the transmission shifts from 
intermediate into direct at approximately 35 mph. 

3. Starting with any accelerator depression be- 
tween road-load and full throttle, the transmission 
shifts from intermediate into direct at between 18 
and 35 mph, depending upon accelerator position. 

4. Starting with full throttle and accelerator de- 
pressed past kickdown detent, the transmission 
shifts from intermediate into direct at approxi- 
mately 58 mph. 

5. Coasting in direct with accelerator released, 
the transmission automatically down-shifts from 
direct into intermediate at 12 mph. 

6. Direct drive may be over-ruled to provide the 
added torque available in intermediate by depress- 
ing the accelerator past wide open position at any 
speed below 50 mph. 

“L” or low position is obtained by further clock- 
wise rotation of the shift lever from “N” or “D,” but 
the lever must be lifted slightly to clear the posi- 
tion stop employed in “D.” Low gear provides a 4.96 
to 1 overall starting ratio and 2.30 to 1 gear ratio 
after car speed has increased sufficiently to reduce 
the converter torque ratio to unity. No automatic 
up or down shifting occurs in this range. It is pro- 
vided primarily for down-hill engine braking, high 
acceleration, and added hill-climbing ability. 

The transmission may be up-shifted manually 
under any throttle position or engine load condition 
to the “D” position wherein the transmission is re- 
stored to the normal operation of the “D” range. 

Low gear can be engaged for added down-hill 
engine braking by manually shifting the control 
lever from “D” to “L” position. This shift is not 
recommended above 40 mph with the throttle closed, 
or 20 mph with the throttle open or “power on.” 

“R” or reverse is obtained by moving the selector 
lever to the farthest clockwise position on the quad- 
rant. The “R” position is in the same quadrant 
plane as “L,” thus facilitating quick change from 
“L” to “R,” and vice versa, for “rocking” the car out 
of snow or mud. The overall reverse ratio is 4.3 to 1. 

Accidental shifting to reverse gear, often damag- 
ing to automatic transmission mechanisms and pas- 
sengers as well, is prevented by a hydraulic lock-out 
in the valve block which opens the reverse servo 
line to atmosphere when the car is in forward mo- 
tion above 10 mph. Should the lever be moved to 
“R” above this speed, the transmission is auto- 
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Fig. 6—Grade-ability of the Studebaker automatic transmission compared 


with that of another transmission, both installed in a Commander model 
car 





matically placed in neutral until speed is dropped 
or the lever restored to the “D” or “L” position for 
forward driving. This safety feature is unique and 
believed new in automatic transmission art. 

Taxi pushing for starting the engine, as with a 
dead battery, may be accomplished by placing the 
shift lever in “D” or “L” position. Sufficient torque 
will be developed to crank the engine at car speeds 
of 10 to 20 mph. 


Incorporates Anti-Creep Feature 


Traffic light creep in gear, so characteristic of 
fluid drive devices, has been eliminated in this 
transmission by the introduction of a spring-loaded, 
solenoid-operated check valve interposed in the rear 
wheel brake system and so arranged as to operate 
only when the brakes are applied with the car 
stopped. The solenoid circuit, Fig. 5, is completed 
by a throttle switch and pressure switch operated 
by the rear pump pressure. The pressure switch is 
arranged to close at 10 to 30 psi; and since rear 
pump pressure is controlled by propeller shaft speed, 
the switch contacts are closed only when the car is 
stopped. A second switch, operated by the acceler- 
ator, is closed with closed throttle. 

Thus, when brakes are applied and the car 
stopped, the solenoid circuit is energized and the 
solenoid valve traps about 200 psi in the rear brake 
lines and cylinders, holding the brakes applied suf- 
ficiently to overcome creep torque even though the 
brake pedal is released. Initial opening of the 
throttle breaks the electrical circuit and releases the 
residual line pressure of the rear brake system. 

No “roli-back” when stopping on up-grades in the 
“D” range is automatic and does not require brake 
application or throttle opening to achieve. The 
reaction of the reverse and forward free wheels act- 
ing on the sun gear of the rear planetary set, under 
drive torque provided by the idle engine, and the 
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Fig. 7—Comparing the terminal coasting speeds of a Studebaker Com- 
mander with both the standard transmission and an automatic one of 
another make at road load plus 750 Ib, in the lowest available ratios 





tendency of the car to roll backward when stopped 
on an ascending grade, automatically lock the main 
shaft against reverse rotation. This condition pre- 
vails only in “D” position. 

Hill-climbing ability and down-hill engine brak- 
ing are two important characteristics of transmis- 
sion design. Adequate climbing ability can be ob- 
tained by the combination of converter torque mul- 
tiplication and one geared ratio; but a relatively 
high geared ratio must be used, thus producing a 
high engine speed differential between direct and 
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Fig. 8—Charted here are the terminal coasting speeds of a Commander 
with the automatic transmission and with the standard transmission, at 
raad load plus 750 Ib, in the lowest available ratios 








geared drive. This high engine differential is con- 
sidered objectionable by some critics from the 
standpoint of noise, particularly at higher car 
speeds. 

Although the converter improves climbing per- 
formance, it detracts from down-hill coasting abil- 
ity and, therefore, engine hill braking must be ob- 
tained by sufficient geared ratio in the transmission. 
It is believed that no compromises in number or 
value of geared ratios should be made if they impair 
down-hill engine braking ability which is so closely 
associated with highway operational safety. 

These two important characteristics can be ade- 
quately satisfied by the use of two geared forward 
ratios in conjunction with a converter and mechani- 
cal direct drive, as employed in this transmission 
design. 

Fig. 6 shows a direct grade-ability comparison be- 
tween an experimental two-speed design and the 
production release three-speed transmission. Con- 
verter characteristics of both were alike. Trans- 
mission “C” employed a 1.60 to 1 geared ratio and 1 
to 1 direct, the torque output of both ranges being 
amplified by the converter torque ratio. Except for 
differences in transmissions, test conditions were 
identical and actual full throttle terminal climbing 
Speeds were measured on various gradients as 
indicated. 

Grade-ability of transmission “C” was considered 
barely acceptable in low range. The low-range ratio 
(1.60 to 1) with about 145 cu ft per ton-mile engine 
displacement had a terminal down-hill speed with 
the engine braking of 28 mph on a 10% grade. This 
was considered intolerable. A direct comparison of 
terminal “in gear’ coasting speeds between trans- 
mission “C” and a standard Commander transmis- 
sion in first gear (2.57 to 1 ratio), with an engine 
displacement of 255 cu ft per ton-mile, is shown in 
Fig. 7. All data are based on actual test results. 

Similar terminal coasting speed comparisons be- 
tween this automatic in low range (2.30 to 1) witha 
179 cu ft per ton-mile engine displacement and a 
standard Commander in first gear, as above, are 
shown in Fig. 8. Comparison of performance, indi- 
cated in Fig. 8 with those obtained with transmis- 
sion ‘“‘C’’in Fig. 7, confirms the advantage of a higher 
geared ratio for coasting than that necessary for 
Suitable climbing ability and, therefore, the de- 
Sirability of three geared forward speeds instead of 
two in transmission designs incorporating con- 
verters for drive torque amplification. 

The outstanding accessibility of the various com- 
ponents from the standpoint of service of the trans- 
mission is the result of vigorous attention to design 
detail. Very little compromise was permitted, even 
though basic cost in some instances was increased 
to provide ease of service. Band and control ad- 
justments are external. The servo assemblies, rear 
pumps, governor housing, and valve block assemblies 
can all be replaced without removing the trans- 
mission from the car. 

Removal of the transmission assembly is no more 
difficult than a standard transmission and once re- 
moved, the front pump assembly and complete gear 
set are readily accessible for replacement. The con- 
verter assembly is removed as a unit by a procedure 


similar to that employed for a standard flywheel 
and clutch change. 


SAE JOURNAL 

















_ CHEVROLET'S 


Automatic Transmission 


XCERPTS FROM PAPER* BY 
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Transmission Group Engineer 


Transmission Design Engineer 


Chevrolet Motor Division, GMC 


(This paper will be printed in full in SAE Quarterly Transactions.) 


HE torque converter transmission now in produc- 

tion as optional equipment on Chevrolet cars was 
designed to satisfy these five requirements: (1) 
satisfactory performance and economy; (2) adapta- 
bility to large production; (3) low cost; (4) easy 
shipment an1 handling in assembly plants; and (5) 
freedom from trouble, especially with regard to oil 
leakage and service adjustments. 


Transmission Described 


The transmission, shown in Fig. 1, consists of the 
well-known General Motors polyphase five-unit con- 
verter, supplemented by a planetary gearset hy- 
draulically actuated by a multiple disc clutch and 
two bands to obtain a driving range, low, and re- 
verse. These functions, along with a neutral and 
parking position, are easily selected by the finger 
tip lever mounted under the steering wheel, follow- 
ing the shift pattern that has now become prac- 
tically standardized for automatic transmissions. 

The transmission is a unit complete within itself, 
and is installed on the engine merely by bolting the 
transmission housing to the flywheel housing and 
the torque converter to the flywheel. No gaskets or 
seals are required between these parts. The trans- 
mission and flywheel housing (Fig. 2) occupy the 
Same length as the conventional transmission and 
clutch housing. The third member, torque ball, and 
so forth, are the same as those in the conventional 
car, except the rear axle ratio is 3.55 to 1 instead of 
4.11 to 1. 

The converter is straddle-mounted between the 
engine crankshaft and a fixed sleeve on the trans- 
mission, and is piloted at these two points. It is 


* Paper ‘The Chevrolet Automatic Transmission,” was presented at SAE 
Annual Meeting Detroit, Jan. 11, 1950. (This paper is available in full 
in multilithographed form from SAE Special Publications Department. 
Price: 25¢ to members, 5O0¢ to nonmembers.) 
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bolted to the engine flywheel, which is a thin flat 
disc. This thin flywheel really serves as a flexible 
driving coupling, minimizing engine disturbances 
and the effect of misalignment between the engine 
and transmission. The converter is enclosed in a 
cast-iron transmission housing which is bolted to 
the flywheel housing and supports the transmission 
case. 

The transmission housing, corresponding to the 
conventional clutch housing, has an integral box- 
like cavity underneath and rearward of the con- 
verter compartment which forms the main oil sump. 
The converter itself is filled with oil under pressure; 
but the cavity in which it is housed is dry, there 
being a synthetic oil seal on the hub at the rear of 
the converter to prevent leakage into the housing. 

The torque converter consists of a driving mem- 
ber known as the pump, a driven member known as 
the turbine, and a reaction member Known as the 
stator. For obtaining efficiency throughout the 
range of operation, the pump is divided into two sec- 
tions: (1) primary, being the larger section which 
is positively fastened to the converter housing and 
bolted to the flywheel; and (2) secondary, anchored 
to the primary through an over-run roller clutch 
which permits it to rotate faster, but never slower 
than the primary pump. 

Also for efficiency, the stator is divided into pri- 
mary and secondary sections, each anchored against 
backward rotation, but free to rotate forward by 
being mounted on over-run roller clutches carried 
on the fixed sleeve, extending forward from the 
front of the transmission. 

There is one notable addition to the Chevrolet 
converter that is of considerable interest. Inside 
the converter torus section, which usually carries a 
“dead slug” of oil in the ordinary fluid couplings or 
torque converters of the oval torus type, is incorpo- 
rated an auxiliary fluid coupling. This additional 
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Fig. 1—Longitudinal cross-section of the Chevrolet automatic transmission 


coupling (see Fig. 1) is designed to be very effective 
on over-run and only slightly effective in forward 
drive. 

In the opposite direction of relative rotation of 
vanes mounted on a somewhat longer radius of 
rotation in the turbine than in the pump and having 
their own torus section. These vanes, which tend 
to “hook into” the oil on over-run, cause violent 
vortex flow and consequent torque transfer. This 


is due to the longer radius of rotation and faster 
speed of the turbine, creating a much greater pump- 
ing action than can be resisted by the shorter radius 
and slower speed of the pump. 

In this opposite direction of relative rotation of 
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the pump and turbine, which persists in forward 
drive, these vanes slip easily through the fluid. This 
is because pumping effort of the shorter radius and 
convex surfaces of the paddles in the pump is 
resisted by the longer-radius, but slower-rotating 
vanes of the turbine sufficiently effective to retard 
greatly vortex action and thus provide little driving 
effort. This unique feature gives an effective drive 
for starting the engine by pushing the car, and also 
improves over-run braking when the car coasts 
against the engine. 

The transmission case is mounted on the rear face 
of the transmission housing and doweled to it for 
alignment. From front to rear are: (1) stator 


Fig. 2—Note from this left side 

view of engine and transmission 

that the Chevrolet torque converter 

drive is about as long as the con- 

ventional transmission and clutch 
housing 
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Fig. 3—Chevrolet selector lever and control quadrant 


sleeve, (2) front pump, (3) valve body, (4) drive 
range clutch, (5) low drum and band, (6) planetary 
gears and parking gear, (7) reverse drum and band, 
(8) input shaft, (9) output shaft, (10) rear pump, 
(11) speedometer gears, and (12) universal joint. 
On the right side of the case are the servo pistons 
for actuating the low and reverse bands, and the 
servo cover which houses the vacuum and hydraulic 
modulator units for regulating the hydraulic pres- 


BLEEDER VALVE 





sure for applying the bands and clutch. On the 
left side are the control shaft and linkage for operat- 
ing the manual selector valve and the parking lock. 


How Drive Operates 


In operation, the selector lever (Fig. 3) must be 
set in “N” or “Park” position to engage the starter. 
After the engine is running, the planetary gears 
turn idly, since the output shaft, to which the planet 
carrier is attached, is stationary and the input sun 
gear, which is splined directly to the turbine by the 
input shaft, is caused to rotate by the slight amount 
of torque delivered by the converter, even at the 
Slowest idle speed. The front oil pump is driven by 
the converter housing rear hub and supplies the 
entire system with oil pressure as soon as the engine 
begins to run. 

The selector lever is then moved to “D” position 
for normal driving. This opens the manual valve 
port to the drive range clutch (Fig. 4) and oil pres- 
sure on the aunular piston engages the clutch. This 
brings the gearset to a standstill and the converter 
idles with the engine idling. The input shaft, 
planetary gears, and output shaft are all locked 
into a unit; both bands are free and the converter 
turbine is connected to the propeller shaft through 
a direct drive. 

As the throttle is opened, the engine speeds up, 
the torque on the turbine increases, and the car 
begins to move. As the turbine and car speed in- 
creases, the converter torque multiplication de- 
creases, gradually becoming approximately 1 to 1 at 
about 25 mph if the throttle is normally open, and 
at about 45 mph under full throttle. If the throttle 
is then closed, the car coasts against the engine 
through the converter over-run drive. The car 
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can then be brought to a stop with the brakes, with 
the engine running at idle speed, without danger of 
Stalling. 

If reverse is desired, the selector lever is moved 
downward through “L” position where a positive 
Stop is felt. Lifting the lever upward toward the 
rim of the steering wheel will allow it to pass beyond 
the stop and into “R” position. This directs oil 
pressure to the reverse servo piston, which moves 
outward and through its linkage clamps the band 
on the reverse drum, locking it against rotation. 

Accelerating the engine then delivers sufficient 
torque to the planetary input sun gear to cause it 
to rotate; and since the planetary ring gear is held 
against rotation by the reverse band, the planet 
pinions travel around inside the ring gear and rotate 
the planet carrier (which is integral with the output 
shaft) in reverse direction at a geared ratio of 1.82 
to 1. This ratio, multiplied by the torque converter 
ratio of 2.2 to 1, gives a very effective reverse. The 
reduction decreases with car speed and lighter tor- 
que requirements. 

The low range, which can be smoothly and quickly 
engaged by simply moving the selector lever to “L” 
position, is provided as an emergency reduction for 
use on steep hills, fast acceleration, getting out of 





mud or snow, and for coasting against the engin« 
down hills—just as is done in second gear with ths 
conventional transmission. It is also a very simpk 
matter to shift back and forth between low anda 
reverse to effectively “rock” the car out of ruts or 
snowdrifts. 


Operation in Low 


In “L” position, the manual control valve directs 
oil pressure to the low servo piston, which clamps 
the band on the low drum and locks it against rota- 
tion along with the low reaction sun gear, to which 
it is attached by splines. Torque from the turbine 
delivered through the input sun gear then causes 
the planet pinions to walk around the stationary 
reaction sun gear and turn the planet carrier and 
output shaft in a forward direction at 1.82 to 1 
reduction. This ratio, at starting and slow speeds, 
is multiplied by the torque converter ratio and 
produces a powerful, smooth, well-controlled drive. 

It is possible to drive the front wheels of the car 
very slowly and deliberately over a steep curb, or to 
back them down from the curb just as deliberately 
by varying the throttle position to give the proper 
engine speed and output to suit the conditions. 





The converter is made almost entirely of steel 
stampings. This type of construction was chosen 
as being the most practical method for large pro- 
duction. The tooling and manufacture of these 
units has taxed the ingenuity of many of the best 
stamping men in the industry. The utmost is re- 





Construction of 


quired in the accuracy of dies and their upkeep, 
checking fixtures, and the gauge and hardness of 
the steel from which the parts are made to produce 
satisfactory vaned members. 

The pump and turbine, Fig. A, are quite similar in 
make-up, although none of the pieces are identical. 
The vanes are first spot-welded to the torus ring 
while held in a fixture that locates them in accurate 
relation. This subassembly is then pressed into the 
outer shell, into which it fits very accurately; the 
light-squeeze fit holds it in place. Vanes fit very 
closely at both ends and have zero to 0.006 in. clear- 
ance at the middle portions to insure secure brazing 
at the ends. 

The over-run fluid member vanes are assembled 
into their respective inner and outer rings and their 
retaining tabs staked securely. This subassembly is 
then pressed with an accurately held push fit into 
the torus ring of the pump or turbine. Hub flanges 
are located by pilot flanges on the outer shells which 
are later machined off. A welding flange is pressed 
on the OD of the primary pump. 

Copper powder in solution, of proper viscosity to 
cause the desired amount to adhere, is then sprayed 
through the vaned openings and around the hub 
and welding flanges. 

The assembly is placed on a stand having carbon 
supports that fit into the inner ring of the over-run 
fluid coupling section, so that the outer shell and 
all parts within it are held in contact by their own 
weight as they pass through the brazing furnace. 
Excess copper drains out the open ends of the inner 
and outer shells and any accumulation is removed 
when the edges of the shells are machined. Vanes 
are set accurately in position and machining is 
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The valve body, Fig. 5, which mounts on the rear 
face of the transmission housing and is completely 
-urrounded by the open front end of the transmis- 
sion case, is the “Central Office” of the hydraulic 
system. This part is made of cast iron rather than 


the usual aluminum die casting. It is fitted with 
hardened steel valves, reducing leakage due to un- 
equal coefficients of expansion and minimizing 
danger of chips and dirt becoming imbedded and 
causing sticking valves. Its position immediately 
adjacent to the front oil pump greatly simplifies oil 
passages and reduces fluid friction losses. 

The front pump necessarily is of large capacity to 
fully and quickly supply the needs at idle speeds; 
the surplus oil is bypassed through a very short 
passage back to the suction side of the pump. Also, 
the rear pump, of much smaller capacity, supplies 
the system after approximately 15 mph and holds 
the pressure regulator valve in relief for the front 
pump, allowing it to bypass oil at practically no 
pressure. This arrangement and the fact that a 
minimum of line pressure is maintained in drive 
range means that power consumed in driving the 
pumps is quite low. 

An interesting innovation in economical design is 
the double check valve, Fig. 6, at the junction of the 





pressure lines from the two oil pumps. It is simply 
an inexpensive hairpin-shaped flat steel spring that 
fits into a slot in the valve body and covers the inlet 
holes from the pumps to the pressure regulator 
chamber. This valve has preven noiseless as well 
as trouble-free. 

The clutch flange and hub, which contain the 
driving slots for the clutch driven and drive plates, 
are made of steel stampings. The former is splined 
to the low sun gear and the drum, while the latter 
is splined to the input shaft. The drive plates are 
made of steel and are faced with molded metallic 
friction material bonded to both sides and spirally 
grooved. The driven plates are made of cold-rolled 
sheet steel and are slightly dished to reduce drag 
when the clutch is released. 

The band is made of malleable iron casting and 
lined with molded metallic friction material bonded 
and grooved. The reverse band assembly is identi- 
cal with low. Adjustment is provided for the bands 
at installation, but no further adjustment is neces- 
sary since wear is negligible. 

The reverse drum is made of high grade cast iron 
and is integral with the reverse ring gear. It is 
mounted on its hub in a babbitt bushed bore in the 
case. There is very little load on this mounting 





Chevrolet Converter 


registered with their ends and the diameter of the 
outer shell accurately enough to eliminate the neces- 
sity of finishing the ends of vanes. Vanes are made 
of 0.025-in. stock and the ends are not sharpened. 

The pump and turbine sub-assemblies are re- 
struck after brazing to reduce distortions which 
may occur during brazing. The center portion of 
the outer shell, which pilots the hub flange in place 
during brazing, is machined away. The primary 
pump vane and shell subassembly is spot-welded to 
the interior of the converter housing by the welding 
flange at the front and hub flange at the rear. The 
turbine hub flange is bushed to run on a hub bolted 
to the converter cover and has a splined hub bolted 
to it for driving the transmission input shaft. 

The primary pump hub, a larger and more elabo- 
rate part made of a steel forging, is attached to the 
converter housing subassembly by machine screws 
and sealed with a synthetic O-ring near its outer 
diameter. It is bushed to pilot the converter on the 
stator sleeve extending forward from the transmis- 
sion. This hub contains jaws for driving the front 
oil pump, it carries the secondary pump on its for- 
ward end and it fits into the oil seal at the rear. 

The stators and secondary pump, in Fig. B, are 
made of Z-shaped vanes having flanges that extend 
from one vane to the next, spot-welded to inner and 
outer rings. The rings provide the vortex path with 
suitable labyrinths to reduce oil leakage at the gaps 
between members, and are slightly bell-mouthed at 
the entrance ends to reduce shock losses due to 
mis-match and run-out of adjacent members. Hub 
rings are pressed in place, copper powder solution 
sprayed on and the parts run through a brazing 
furnace. 
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The hub rings are then bored and faced and the 
outer ring edges machined to width, after which the 
over-run clutch cams are shrunk into the assembly. 
The hub rings are securely staked into notches in 
the over-run clutch cams for retention and drive. 

Fabrication of the converter from stampings, or 
what may be more properly termed “precision cold 
formed parts,” is quite a step ahead in the art of 
sheet metal working. To secure the final assembly 
of the many stampings into each unit of the con- 
verter, a battery of specially-designed, automati- 
cally-controlled welders and the largest brazing 
furnaces in the world are used. 





31 








when the drum is rotating, except during the short 
intervals when the band is being applied. 

The planet carrier assembly, Fig. 7, is worthy of 
attention. The body of the carrier is made of 
pressed steel, much like a small brake drum, with 
three slots punched in the periphery through which 
the planet pinions are assembled. This stamping 
is riveted to the flange on the output shaft, its front 
flange faced and trued up for diameter, and the 
front plate—a heavy, flat stamping containing the 
locally-hardened parking lock teeth and a pilot 
groove—riveted on. The planet pinion pin holes 
are then bored through the entire subassembly; the 
pinions, with their needle bearings and thrust wash- 
ers in place, are set in and the pins assembled. 





Fig. 6—Section through valve body showing the simple, yet efficient 
hairpin-shaped check valve between front and rear oil pumps 





Fig. 5—The valve body is 
mounted on the transmission 
housing 


The output shaft and planet carrier assembly is 
mounted in a bronze bushing in the hub of the re- 
verse drum and in a ball bearing in the rear pump 
housing. The ball bearing takes the thrust in both 
directions. 

A longitudinal shaft in the left side of the trans- 
mission case, in Fig. 8, operates the manual control 
valve and the spring-loaded parking lock pawl. The 
detents, which position the valve accurately for the 
various positions, are notches in the pawl, engaged 
by the roller that actuates the pawl, giving a smooth 
positive action. The teeth on both the pawl and 
the gear on the planet carrier have rounded tops to 
facilitate engagement and to prevent damage should 
parking position be accidentally selected while the 
car isin motion. The pawl will not engage until the 
car speed is down to 2 or 3 mph. 

The transmission case, housing, servo cover, valve 
body, and oil pump housings were designed for best 
possible foundry conditions, easy cleaning and ma- 
chining, and for best possible oil sealing. A mini- 
mum of joints are included and practically all out- 
side closures are subjected to gravity oil leaks only. 
Synthetic O-rings or synthetic coated fibre gaskets 
are used throughout. 

Automatic Transmission Fluid, Type A, is used in 
the Chevrolet automatic transmission. Ten quarts 
are required, six of which go into the converter 
housing. The transmission is filled and the oil level 
checked from under the hood through a filler and 
breather pipe attached to the right side of the trans- 
mission housing. The suction screen strains the oil 
which is drawn from the bottom of the tunnel-like 
section at the middle of the sump to lessen possi- 
bility of cavitation when making fast turns. It 
can be easily removed for cleaning. 

Early experimental work demonstrated that for 
best all around performance and economy, a trans- 
mission of the type chosen by Chevrolet should be 
used with an engine designed to take full advantage 
of the converter characteristics. These character- 
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Fig. 7—Planet carrier is a steel stamping riveted to the flange of the output shaft 





istics call for a high horsepower-to-weight ratio for 
the car. Consequently the car with the optional 
transmission includes a high compression engine of 
235-cu in. displacement. A rear axle ratio of 3.55 to 
1 has been tailored to the job to give the most 
desirable results. 

Driving in high range is truly automatic in that no 
manipulation by the driver is required to go through 


Fig. 8—Phantom view show- 
ing manual control shaft and 
parking lock. Teeth on both 
the pawl and planet carrier 
gear are rounded for easy 
engagement and to pre- 
vent damage in case of ac- 
cidental parking position se- 
lection with the car in mo- 
tion 
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the torque converter ratio, and there is no evidence 
of shift. Yet for those who desire the thrill of extra 
fast acceleration, a start in low with the selector 
lever moved to drive at 15 to 20 mph while holding 
a steady throttle is sensational. The combination 
provides a new standard of performance, flexibility, 
smoothness, and ease of operation that must be ex- 
perienced to be fully appreciated. 
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Fig. 1—Relation between car weight and mpg 


NE hundred and fifty miles per gallon is possible, 
as recently proved in the mileage marathon held 
at the company laboratory. This marathon is a 
contest in which chemists and engineers participate 
to see who can get the most mpg from the family 
car. The contest actually started in 1939 with the 
old argument between several of the men as to whose 
car gave the better mileage. The dispute caused so 
much interest that 21 contestants entered. Interest 
continued and the contest became an annual affair, 
which was halted during the war but was revived 
in 1948. 

Through the years there has been an almost 
steady increase in the maximum mpg obtained by 
the winners and also in the overall average. This is 
attributable to the increased knowledge and experi- 
ence of the men competing from year to year, and to 
the highly competitive spirit of the group. This 





150 Mpg is 


knowledge encompasses not only the technical as- 
pects that affect the economy of the engine but the 
perfection of driving skill to a fairly high degree. 
Table 1 gives data on the winning cars for the 1949 
contest. 

It will be noted that two classifications of entries 
have been established. In class B, no major me- 
chanical changes in the car or engine are allowed. 
Tire pressure can be increased and minor adjust- 
ments made to the engine, such as carburetor and 
spark timing adjustments. In class A, there are no 
limitations except that the power to propel the car 
must be derived from the fuel alloted. To keep 
the contest on a more equitable basis a car weight 
handicap is used, as shown in Fig. 1. Curve A, used 
in 1939, was developed from the best information 
available at that time. From the results of the 1939 
tests, curve B was developed, and, using the results 





Table 1—Data for Winners 


Finishing Driver, Car Make ene Pe owl 
Position® Teammate and Year it , nants, & 
Class A: 
1 R. J. Greenshields 1947 Stude- 3080 3206 
baker 
2 D. L. Berry, 1924 Chev- 2180 2509 
F. C. Schuette rolet 4 
3 C. C. Mayfield, 1948 Chev- 3320 3667 
M. C. Franich rolet 6 
Class B: 
1 J. G. Ryan 1938 Chev- 3220 3392 
rolet 
2 A. P. Texada 1947 Stude- 3600 3752 
baker 


3 D. F. Fink, 1947 Chev- 3300 3664 
F. J. Cordera rolet 





in 1949 Mileage Marathon 


: Calculated 
Distance Fuel Used, Mpg Ton-Mpg Average Distance 
Traveled Speed 

a gal Achieved Achieved peed, — Traveled 
miles mph aslies 


43.47 0.2899 149.95 240.0 16.3 90.76 


43.47 0.2745 158.36 198.9 14.6 87.92 


43.47 0.4637 93.75 172.0 15.3 59.84 
29.00 0.3572 81.19 137.7 13.0 50.20 
29.00 0.3867 74.99 140.5 14.4 48.30 
14.53 0.1953 74.40 136.3 16.1 47.47 


* Finishing positions are determined by the “Calculated Distance Traveled” (last column), which is based on “Weight 


of Car & Occupants” handicap. 
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POSSIBLE 


EXCERPTS FROM PAPER* BY R. J. Greenshields 


obtained in 1940 and 1941, the handicap shown as 
curve C was established, which has since been used. 

The marathon is run over a 14-mile course, with 
the contestants returning to the starting point so 
that no advantage can be taken of elevation. The 
road goes through a small town and then across 
country. Each driver has to take his chances with 
regard to road and traffic hazards. 

Great care is taken to measure accurately the 
amounts of fuel consumed and the distances 
traveled. All contestants are required to use the 
same fuel, which is a premium-grade gasoline of 
the type available commercially at service stations. 

It would be well to emphasize that no one car 
model or design appears to have any particular ad- 
vantage over another in this contest. Further, the 
cars as they are engineered today are a reasonably 
good compromise between riding comfort, perform- 
ance in terms of accelerating ability, top speed, and 
economy. The results do, however, illustrate what 
can be accomplished if no compromises are made 
and all other considerations are sacrificed to obtain 
maximum economy. 

Naturally, since most of the work on the various 
cars is done by the individuals in their own back 
yards, there are few data available to show the 
effect of each change. Since the marathon, how- 
ever, enough road testing has been carried out to 
determine in a fairly accurate manner the relative 
effect of the more important changes and adjust- 
ments on the 1947 Studebaker that won this contest. 


* Paper, “150 Mpg Is Possible,” was presented at the SAE Annual Meet- 
ing, Detroit, Jan. 10, 1950. (This paper is available in full in Multi- 
lithographed form from SAE Special Publications Department. Price: 
25¢ to members, 50¢ to nonmembers.) 
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Fig. 2—Economy under standard conditions 


Director of Research 
Wood River Research Laboratory, 
SHELL OIL CO 


Fig. 2 shows the mpg obtainable at various speeds 
both in standard gear and overdrive, for this car. 
These data were obtained by running at constant 
speed in both directions on a level road. The engine 
and chassis were in excellent mechanical condition 
and the values shown are believed to be representa- 
tive. It will be noted that the maximum mileage 


was 28 mpg in top gear at speeds between 10 and 20 
mph. 


Effect of Modifications 


The first change involved the rear-axle ratio. 
A 1936 Plymouth spiral bevel gear was installed 
having a gear ratio of 3.9/1 and oversize tires 
7.00 x 16 were put on, giving an increase in rolling 
diameter of 4 in. This gave an equivalent gear 
ratio of 3.4/1 as compared to the standard gear ratio 
of 4.56/1 with 5.5015 tires. The effect of the 
change in gear ratio is shown in Fig. 3. The dis- 
crepancy between the results on the 3.4/1 ratio and 
the standard overdrive was probably due to lower 
resistance with the oversize tires and special tire 
tread. This brought the maximum mileage up to 
38 mpg. 

A good portion of the rolling resistance of a 
vehicle on the road can be attributed to the tires. 
In an effort to reduce this resistance, ordinary 6- 
ply tires were chosen and the tread buffed off leav- 
ing a narrow, smooth, thin rubber tread for contact 
with the road. Increased tire pressure is known to 
reduce rolling resistance by decreasing the bending 
of the tire wall. Data obtained on tire pressure with 
these special tires showed that at 110 psi maximum 
mileage is obtained at low speed, so the car was run 
with this pressure. The effect of this increase is 
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Fig. 3—Cumulative economy with low gear ratio and oversize special 
tires 











shown in Fig. 4. A maximum mileage of 41 mpg was 
obtained at 15 mph. 

In an effort to reduce resistance and friction, 
SAE 10 motor oil was used in the transmission and 
differential. The lubricant seals were removed 
from the rear axles and the front wheel bearings 
were lubricated with oil instead of grease. SAE 10 
lubricant was used in the crankcase. The effect 
of this is shown in Fig. 5, with a maximum mpg of 
44.5 at low speed. 

Compression ratio was increased from the stand- 
ard 6.5/1 to 10/1 by planing off the regular head. 
This necessitated lowering the valve seats in the 
block to obtain clearance for the valves in the com- 
bustion chamber. The breathing capacity of the 
engine was maintained as high as possible by grind- 
ing off the block between the valves and cylinders. 

The increase in compression ratio necessitated a 
change in spark timing. The spark was set so that 












































only light Knock occurred during full-throttle 
operation. The carburetor was again set at opti- 
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Fig. 4—Cumulative economy with high tire pressure 





mum. With 10/1 compression ratio the mileage a: 
low speed was 49.5 mpg. The economy obtained 
using overdrive is also shown in Fig. 6. 

Engine accessories require a fair amount of horse- 
power to operate, so, for the marathon, where engin: 
speed and load were low and no overheating woul 
occur, they were disconnected by removing the far 
belt. Tests were run on the Studebaker with and 
without accessories up to as high a speed as possible 
The elimination of the accessory horsepower gave 
a material increase in economy. Fig. 7 shows ; 
maximum of 54 mpg. Also shown is the econom) 
realized with overdrive under the same conditions 

The comparative effect of each factor is shown 
in Fig. 8,on a percentage basis. It should be pointed 
out here that the values shown are for one car and 
engine only and are probably not the maximum that 
can be obtained from a complete design change; for 
instance, tire pressure, lubrication, and accessories 
all reduced the power necessary to move the vehicle 
at a given speed and therefore reduced the load. 
This reduced the horsepower required but at the 
same time caused an increase in specific fuel con- 


sumption of the engine because of the lighter engine 
load. 


Effect of Increase in C. R. 


Concerning compression ratio, a 12% increase in 
economy was shown at 20 mph and can be compared 
to a theoretical gain of about 15%. If the entire 
engine and chassis had been built around a com- 
pression ratio of 10/1, a further increase in economy 
would have undoubtedly resulted. 

In order to proceed now from the 54 mpg shown 
in Fig. 7 to the 150 mpg obtained in the mileage 
marathon, it will be necessary for explanation to 
consider the relationship between the specific fuel 
consumption characteristics of the engine and the 
power requirements to move a vehicle along the road 
at various speeds. 

Data obtained on a 3500-lb car indicate that the 
level road load is quite low at low speed but increases 
rapidly at higher speeds. The level road load is 
made up of wind resistance and rolling resistance. 
The rolling resistance of this particular car was not 
measured but was estimated from existing informa- 
tion on rolling friction available in the literature. 

Also, a study of engine economy in relation to the 
power delivered by the engine showed that, at very 
light load, the specific fuel consumption is of the 
order of 1.5 lb per bhp-hr and at full power output, 
specific fuel consumption is at a minimum and is of 
the order of 0.5 lb per bhp-hr. Thus, the least re- 
sistance will be encountered at low speed but the 
engine will be running with a very light load and 
therefore uneconomically. A change to lower gear 
ratio is one way of partially overcoming this diffi- 
culty and the effect of that change is shown in Fig. 3. 

A subterfuge, which is not practical for everyday 
driving, can be used to obtain maximum engine ef- 
ficiency at full load and at the same time Keep the 
car speed low. A driving technique was developed 
for marathon purposes wherein the car was acceler- 
ated at full throttle in top gear from 5 mph to about 
20 mph. The engine was then stopped and the car 
allowed to coast down to 5 mph, when the engine was 
restarted and the cycle repeated. This gives a very 
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w specific fuel consumption and keeps wind and 

ling resistance low. 

This driving technique causes a number of difficul- 
ties in engine operation. A few of these will be dis- 
ussed briefly. The maintenance of engine operat- 
ing temperature is difficult. The engine is operated 
‘t full load for a matter of seconds only, and then 
; shut down for a relatively long period. This 
ulows the engine oil, jacket coolant, and the in- 
duction system to cool off. To overcome this, the 
erankeases of most engines were insulated or 
shielded and radiators covered. The inlet manifold 
was usually enclosed with the exhaust manifold by 
wrapping with asbestos tape or similar material. 
Hot spot heat valves were locked in the “‘on”’ position. 








Problem of Fuel Distribution 


Carburetion and distribution of the mixture to 
the cylinders at such a low engine speed is, indeed, a 
difficult problem. This is further complicated by 
the necessity, for economy, of eliminating the ac- 
celerator pump in the carburetor. In some cases 
manifolds of small cross-sectional area were built 
for this purpose. However, many relied upon heated 
manifolds and heated inlet air to get adequate fuel 
vaporization and good mixture distribution to the 
cylinders. 

The carburetors used in the class A group were 
all of the adjustable type. Optimum settings were 
attained by running fuel consumption tests on the 
road. In most cases the best setting was at an air 
fuel ratio where the engine was just at the point of 
misfiring. 

Data obtained on a car operated on a chassis 
dynamometer showed that spark timing has a ma- 
terial influence on economy. For marathon pur- 
poses the spark timing for best economy at full 
throttle was determined by actual road test. With 
the higher compression ratios such as 10/1, the 
spark timing was advanced to the point where light 
knock occurred on the premium gasoline being used. 

In order to operate the engine at 10/1 compression 
ratio and at optimum timing with the fuel used, it 
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Fig. 5—Cumulative economy with low viscosity lubrication 


was found necessary to remove combustion-chamber 
deposits at very frequent intervals to prevent serious 
detonation. 

Spark-plug type and gap setting were very im- 
portant, especially at the 10/1 compression ratio. 
A heat range was selected that would not cause ex- 
cessive detonation or preignition. In addition, with 
wider spark-plug gaps, leaner mixtures could be 
employed. However, with the particular ignition 
system used, gaps above 0.035 in. appeared to allow 
misfiring through ignition system failure. 

With the Studebaker adjusted to the condition 
described in Fig. 7, the acceleration and coast driv- 
ing technique gave very high mpg. As an example, 
ft was found possible on a level road by accelerating 
from 5 to 20 mph, followed by coasting down to 5 
mph, to travel 0.6 of a mile in this one cycle. The 
acceleration could be accomplished with only 15 cc 
of fuel. An interesting point in this connection is 
that it was found advantageous to accelerate and 
coast even when climbing long hills. In the actual 
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Fig. 7—Cumulative economy with no accessories and use of overdrive 
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contest on the 14-mile closed course there wer 
necessarily many variations in the top speed t 
which the accelerations were carried. However, th: 
149.95 mpg obtained in the contest agreed ver 
closely with trial runs on a level road. 


Conclusion 


In conclusion, the data presented point out thai 
there are many ways by which greater economy can 
be obtained. The operating load factor of the engine 
appears to hold great possibility. Further reduction 
of rolling and wind resistance can undoubtedly be 
accomplished. The effect of wind resistance on 
economy is great at high speed but should not be 
overlooked at medium and low speeds. Engine 
efficiency can be increased by utilizing higher com- 
pression ratios and by reducing engine friction. 
Again it should be reiterated that the present de- 
signs are compromises for the best overall perform- 
ance of the vehicle. 








Spicer’s 
Truck & 
Transmissior g 
Synchronizer 


Above is shown the synchronizer for the 
Chevrolet truck transmission. Here is how 
this as well as other synchronizers operate: 

The clutching collar has spider-like lugs 
that extend radially through holes in a sleeve 
and support a grooved ring for the shift fork 
outside the sleeve. After the collar is moved 
forward (to the left),,-and before the teeth 
can be engaged, the lugs force the sleeve, 
which carries a bronze cone, against a mating 
cone on the drive gear. 

Pressure applied from the gear shift lever 
against this cone clutch quickly brings the 
speed of the drive gear to the speed of the 
main shaft so the gears can mesh at exactly 
the same speeds. Engagement before this 
time is prevented because the lugs are held in 
the recesses in the sleeve by the strong drag 
of the cone clutch. When the speeds are syn- 





chronized, this drag stops and the lugs can 
Slide out of the recess and complete the en- 
gagement. 

During this time the engine clutch remains 
disengaged and the entire action is completely 
independent of engine speed or of any judg- 
ment or guessing by the driver. With the 
throttle cut, the engine speed has been de- 
creasing and approaching that of the main 
shaft. When the clutch is reengaged, it 
brings the engine speed to the right point. 

With the conventional transmission, the 
engine is used to bring the speeds together 
for the shift; with synchronizers, the speeds 
are brought together independently of the 
engine and of the driver’s skill. (From paper 
“Synchronized Versus Conventional Trans- 
missions in Truck Operation,” by D. D. Rob- 
ertson, Spicer Mfg. Division, Dana Corp.) 
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TURBOJET 
Engine Lube Problem Aided by 
Supplemental Lubes, Additives 


THE accompanying discussion of the lubri- 
cation problems of high-output aircraft 
engines of the turbine type is part of a 
paper that also covers lubrication prob- 
lems of reciprocating engines. 

The entire paper, “Lubrication, Friction, 
and Wear Studies for High-Output Air- 
craft Engines,” is available in mimeo- 
graphed form from SAE Special Publica- 
tion Department. Price: 25¢ to members, 
50¢ to nonmembers. 


UBRICATION of high-output aircraft engines is 
always complicated by three important variables 
—high speeds, high loads, and high temperatures— 
but the turbine engine increases this complication 
because of its wide operating temperature range, 
which may be down to - 67 F and up to 400 F. 

To satisfy both these extremes of temperature in 
one lubricant, one must obviously make some sort of 
compromise, for the low-temperature requirement 
would normally call for a low-viscosity lubricant, 
while the high-temperature requirement would need 
a high-viscosity oil. 

Two solutions to this problem are discussed here: 

1. The use of supplemental lubricants to give ade- 
quate lubrication when the normal lubricant breaks 
down. 


2. The use of additives of the extreme-pressure 
type. 





* Paper, “Lubrication, Friction, and Wear Studies for High-Output Air- 
craft Engines,” was presented at a meeting of the Cleveland Section of 
the SAE, Cleveland, Sept. 12, 1949. 
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Examples of both supplemental lubricants and an 
additive were tested on a device that gave a pure 
Sliding action. (Since some of the turbine engine 
components that present severe lubrication prob- 
lems operate with a combined sliding and rolling 
action and others with a pure rolling action, further 
Studies will be necessary to evaluate materials ac- 
cording to their suitability under these conditions.) 


Sliding-Friction Apparatus 


This sliding-friction apparatus is shown in Fig. 1. 
It includes two specimens, one in the form of a flat 
rotating disc and the other a ball or rider. 

The ball, firmly clamped to prevent rolling, travels 
with a pure sliding action along a spiral path on the 





RADIAL TRAVEL OF RIDER AND 


RESTRAINING ASSEMBLY 





Fig. 1—Schematic diagram of sliding-friction apparatus 
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Fig. 2—Effect of sliding velocity on friction for surfaces 

with solid films of molybdenum disulfide and oriented graphite 

(load = 269 g, which is equivalent to 126,000 psi initial Hertz 
stress) 
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Fig. 3—Effect of sliding velocity on friction for surfaces with 
solid films of FesO; and FesO, (load =269 g) 





disc, so that it is always operating on virgin surface. 

In actual operation, the disc is rotated at a prede- 
termined speed, then the ball is lowered until it is 
in contact with the disc for about 3 sec, to allow a 
reading to be taken of the friction force. After each 
reading the ball is lifted from contact with the disc, 
so that the wear spot on the ball can be studied. 

The next datum point is obtained with a new spot 
on the ball. In this way, each point is obtained with 
a known initial contact area and surface stress, 
which can be computed from the Hertz equation for 
elastic deformation of solid surfaces under load. 

The disc specimens used in the tests were made 
of normalized SAE 1020 steel of Rockwell A 50 hard- 
ness. The %4-in. balls were commercial-grade SAE 
1095 steel, hardened to Rockwell C 60. 

Careful preparation of these specimens was found 
to be the most important single requisite for con- 
stant and reproducible results. 

For this reason, a special cleaning procedure was 


followed to remove all traces of grease, moisture, 
and oxides down to an invisible film of Fe,O,, 15-25 
Angstrom units thick. 

The investigation was made at loads from 269 to 
1017 g (giving an initial Hertz surface stress of 126,- 
000-194,000 psi) and over a range of sliding velocities 
of 50-7000 fpm. In all cases, clean dry air was 
flowed over the friction specimens prior to and dur- 
ing the experiments to eliminate moisture effects 


and to prevent possible contamination from room 
atmosphere. 


Supplemental Lubricants 


Table 1 shows some of the physical and chemical 
properties of several materials considered as possible 
supplemental lubricants. Of these, graphite and 
molybdenum disulfide were thought to have the 
most promise. Both have high melting points, low 
hardnesses, laminated crystalline structures, and 
they are relatively insoluble. The major difference 





Table 1—Possible Supplemental Lubricants 














CER ee ry 





Molybdenum Tungsten , Lead Silver 
Disulfide, Disulfide, Graphite, lodide, Sulfate, 
MoS: WS. Pbl. Ag-SO,x 
Melting Point, C 1185 Decomposes 3527 402 652 
at 1250 
Hardness—Moh Scale 1.0-2.5 Friable 1.0-2.0 ; oe 
Crystalline Structure Hexagonal Hexagonal Hexagonal Hexagonal Orthorhombic 
Form Laminated Laminated fe 
Orientation Random None Highly None None 
preferred 
Solubility in: 
Water Insoluble Insoluble Insoluble Slightly Slightly 
Acids H.SO,, Aqua HNO; + HF Insoluble KI HNO:, H.SO, 
Regia 
Chemical Reactivity Medium Medium Low Medium Medium 
Tenacity for Steel High Medium Low 
40 
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Fig. 4—Effect of sliding velocity on friction for steel surfaces 
lubricated with cetane containing various concentrations of 
free sulfur (load =269 g) 
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Fig. 5—Photomicrographs of wear areas after 
friction runs at various sliding velocities with 
269 g of load on SAE 1020 steel lubricated 
with cetane containing 0.5% sulfur (100 X) 





between the two is that molybdenum disulfide has a 
higher chemical reactivity, which gives it a higher 
tenacity for steel. 

Fig. 2 shows the results obtained when these two 
materials were studied with the sliding-friction ap- 
paratus. (The curves for dry and boundary-lubri- 
cated steel are included for comparison.) Note that 
both graphite and molybdenum desulfide show low 
friction at low sliding velocities. As sliding velocity 
increases, however, the graphite shows an increase 
in friction, whereas the molybdenum disulfide shows 
a decrease. 

The increasing friction with increase in sliding 
velocity shown by the graphite may possibly be ex- 
plained on the basis of the increased surface tem- 
peratures resulting from sliding at higher velocities. 
An increase in surface temperature tends to desorb 
the films of moisture and gases that have been con- 
sidered by some investigators to be the lubricating 
agents of graphite. As these films disappear, higher 
friction naturally results. 

The molybdenum disulfide, on the other hand, 
does not depend for its lubricating action on ad- 


sorbed films and, consequently, does not show such a 
trend. 


Oxides Tested 


Since other NACA research investigations indi- 
cated that certain oxides have appreciable effects on 
the friction and wear of sliding surfaces, investiga- 
tions were made with discs on which were formed 
solid films of Fe,O, 1200 Angstrom units thick (5 
millionths of aninch). Fe,O, was also tested in this 
manner. 

Fig. 3 shows the results obtained with these two 
oxides, along with the curve for dry steel. As can be 
seen, the curve for Fe,O, shows a relatively high 
friction coefficient throughout the range of sliding 
velocities. On the other hand, the curve for Fe,O, 
shows, in comparison with both dry steel and Fe,O,, 
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that it is definitely beneficial from a friction stand- 
point. The Fe,O,, as is well known, is quite hard and 
abrasive and, consequently, the wear is higher with 
it than with Fe,O,,. 

Surface analysis by electron diffraction has shown 
that Fe,O, is the predominant film material on lu- 
bricated engine parts that have been effectively run 
in, and the Fe,O, is predominant on failed surfaces. 
Thus, Fe.O,, in its role as an effective element in 
run-in and in reducing friction, could serve as a 
supplemental lubricant. 


Additives 


Fig. 4 shows the results obtained when sulfur in 
varying percentages is used as an additive in pure 
cetane. Note that the curve for pure cetane on steel 
indicates a very high friction coefficient, whereas 
the sulfur-in-cetane curves show relatively low fric- 
tion, which decreases as sliding velocity is increased 
up to 1000 fpm; above this point, friction increases. 

This result was interpreted as possible evidence 
of a critical sliding velocity, above which, the addi- 
tive does not adequately perform its function as an 
antiweld agent because there is insufficient time for 
the additive to react chemically with the surface to 
form an effective low-shear-strength film. 

Fig. 5 shows photomicrographs taken of the wear 
spots on the balls for each point along the curve for 
0.5% sulfur in cetane. AS can be seen, the three 
photomicrographs taken for sliding velocities of 1000 
fpm or less show no welding. In fact, the wear is 
of an abrasive or plowing nature. On the other 
hand, at sliding velocities greater than 1000 fpm, 
welding is quite evident. The conclusion can there- 
fore be drawn that no welding occurs below the crit- 
ical velocity, but above this point welding does occur 
because the additive does not adequately perform 
its function as an antiweld agent. 

It thus is clear that additives are not cure-alls, 
particularly at high sliding velocities. 
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ETHYL ETHER Best for 


ITH present combinations of fuels and engines, 

the most effective and potentially the most con- 
venient method of assisting diesel starting is by 
means of a priming fluid. Of these fluids, diethyl 
ether is by far the most effective, cheapest, and 
widely distributed. 

It is not believed that further search for a better 
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Fig. 1—Performance of ethyl ether with various diluents as a cold 
starting aid. Controlled ignition 











fluid is warranted. It is felt, however, that due t 
possible hazards in the use of ether, the promotion 
of its use should originate with the engine builder. 
with each builder recommending the priming pro- 
cedure for his particular engines. 

Starting accessories, such as glow plugs and jacket 
heaters, are acceptable for some specific applica- 
tions. But there is room for improvement in all 
of them with regard to reliability, ease of use, or 
cost. 

Diesel engine cold starting does not respond sig- 
nificantly to improvements in cetane number ob- 
tained by the use of presently known ignition ac- 
celerators. Improving cetane number for cold 
starting purposes either by way of fuel treating, 
synthesis, or additives at the cost of further re- 
search is not attractive to the refiner due to the fact 
that engines of current design do not respond to 
increases in natural cetane number above the range 
of 55 to 60. 

As has already been pointed out, the inlet mani- 
fold injection of starting materials has been ex- 
tremely effective in starting diesel engines at low 
temperatures. As a result of work done at The 
Pennsylvania State College in 1941, it was con- 
cluded that, “Of all known methods, the most ef- 
fective way to start a diesel engine in cold weather 
is by introducing diethyl ether into the intake air.” 
To the best of our knowledge, this method still ranks 
first in effectiveness, provided a reasonable cranking 
speed can be approached. 

During the war, British military vehicles were 
started with ethyl ether, 7 ml being sufficient to 
start any one of the engines then in use. The ether 
was introduced into the intake air by means of a 
“Sparklet” type bomb containing ether under a CO 
pressure of 500 psi. By this means starting could 
be obtained at temperatures as low as - 40 F. 

In a quest for other materials that might prove 
effective as starting aids, a series of tests was con- 
ducted using materials that were readily available 
and that might be cheaper, safer, or more effective 
than diethyl ether. Materials tested included di- 
ethyl ether, diisopropyl ether, n-heptane, dimethoxy 
methane, ethylene glycol diethyl ether, diethylene 
glycol monoethyl ether, dichloroethyl ether, n-buty) 
ether, furfural, ethyl chloride toluol, amylene, ace- 
tone, petroleum ether, methyl alcohol, and n- 
hexane. From this particular series of tests, it 
was quite evident that none of the materials tested 
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is nearly so effective as diethyl ether. In fact, di- 
isopropyl ether is the only other material tested 
which could be considered feasible for such use. 

These tests showed also that it is not necessary 
to use 100% diethyl ether; blends containing only 
25% diethyl ether in kerosene, n-heptane, and di- 
methoxy methane were almost as effective as the 
pure ether. 

Priming fluids, such as ethyl ether, are becoming 
increasingly popular for two reasons: (1) Inexpen- 
sive ethyl ether is already widely distributed; it can 
usually be purchased at chemical supply stores or 
even corner drug stores. (2) There is a growing 
tendency for engine builders to make the auxiliary 
equipment for use of priming fluids available to 
the operator. 


Other Starting Aids 


Besides priming fluid, operators can take advan- 
tage of one of several other starting aids—all of 
which have their advantages and disadvantages, de- 
pending on the particular application or on the lo- 
cation of the equipment. 

For example, glow plugs add to battery drain and 
are quite short-lived due to their constant exposure 
to the combustion atmosphere, and are therefore 
frequently unreliable. 

Flame primers are quite simple and cause little 
battery drain; however, they are frequently con- 
Sidered to be unsatisfactory with naturally aspi- 
rated engines due to the lack of sufficient excess air 
for maintaining flame primer and cylinder combus- 
tion at the same time. The control required to ob- 
tain reasonable starts is quite sensitive. 





* Paper “The Diesel Engine Cold Starting Problem” was presented at SAE 
National Diesel Engine Meeting, St. Louis, Mo., Nov. 2, 1949. (This 
paper is available in full in multilithographed form from SAE Special 
Publications Department. Price: 25¢ to members, 50¢ to nonmembers.) 


MARCH, 1950 


Inlet air heaters of the “preheat” and “preheat 
and cranking” type are reported to be effective; but 
here again an abnormal drain is made on the bat- 
tery at a time when it can be least afforded. 

Jacket water heaters are reported to be quite ef- 
fective from the performance standpoint. These 
can be of the electric immersion type or of the fuel 
burning, circulating type. Both of these types of 
heaters have the ability to provide starting in cold 
weather, and minimize high wear and sludge gen- 
erally associated with cold engine starts. Disad- 
vantages are also inherent with this type of start- 
ing aid. In the case of the electric immersion 
heater, 110-v current is required, thus restricting its 
use to locations where such power is available. The 
fuel burning circulating heaters are encumbered 
with a large space requirement (3 to 4 cu ft) and 
a rather high initial cost. 

In order to determine the minimum amount of 
ether that could be used and still obtain a satisfac- 
tory start, a second series of tests was made using 
various concentrations of diethyl ether blended 
with kerosene, naphtha, and dimethoxy methane. 
In these tests a constant wide-open fuel rack posi- 
tion was maintained and the priming was con- 
trolled to one “shot” every 5 sec. Results of these 
tests are plotted in Fig. 1. 

With as little as 15% diethyl ether, a start was 
made within 1 min, regardless of the type of diluent 
used when the injection was limited to one stroke 
every 5 sec. However, using this priming rate, the 
5% ether blends would not produce a start. With 
an increased priming rate, the engine could be 
fired and accelerated, but it was physically impos- 
sible with the starting system used to get enough 
ether into the engine per cycle to keep it running. 

These priming fluid tests were run at a tempera- 
ture of 0 F with cranking speed reduced from a nor- 
mal of 190 rpm to the range of 60-90 rpm. There- 








fore, with normal cranking speeds (higher com- 
pression temperatures) these priming fluids and 
blends would be effective at temperatures lower than 
0 F. However, because lower ambient temperatures 
affect vaporization characteristics (particularly 
with the blends), it is not known to what lower tem- 
perature these data could be extrapolated. 

The use of such blends may be of value in re- 
ducing possible undesirable shock and roughness, 
should it be necessary to operate on the starting 
aid for an extended period before the engine has 
warmed sufficiently to operate on tank fuel. Such 
tailoring of a starting aid is probably a complicated 


function of engine design and ambient tempera- 
tures. 


Fuel Factors 


The effect of fuel factors on cold starting has been 
studied extensively with the general realization that 
inherent shortcomings exist. Assistance from fuel 
suppliers could conceivably stem from improved 
fuel ignition quality, volatility, viscosity and pour 


characteristics, and fuel additives, as well as priming 
fluids. 





In one program, data were obtained with a 3-cy 
2-cycle engine of a type popular in the truck and 
bus field, installed in a cold room test set-up. 

The evaluation of fuel characteristics on starting 
ability included, (1) blends of conventional diese] 
fuel stocks, and (2) blends of a Fischer-Tropsch 
high cetane number synthetic fuel with a conven- 
tional refinery stock. 

The starting characteristics of conventional die- 
sel fuels are given in Fig. 2 as plots of temperature 
versus cranking time. 

This graph shows that, for the most part, starting 
temperatures are reduced in direct proportion with 
increases in cetane number. 

By crossplotting cetane number versus lowest tem- 
perature permitting a start with a cranking period 
of 1 min, it can be shown that in the range of 35 to 
60 cetane number, which is the present range for 
commercial fuels, the lowest temperature permitting 
starting is about 15 F. Although this particular test 
program did not include refinery stocks having ce- 
tane numbers higher than the usual commercial 
range, other investigators have shown that further 
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increases in cetane number are of no value. 
curve levels out to about 15 F beyond 60 cetane 
number. 

However, even if fuels of higher cetane number 
were effective, difficulties would on occasions, at 


The 


least, be encountered with pour point. This prob- 
jem is typified by the cold starting characteristics 
of a Fischer-Tropsch fuel and blends of Fischer- 
Tropsch with a 36 cetane number base stock. Blends 
of the synthetic Fischer-Tropsch with petroleum 
base stock started at temperatures corresponding 
approximately to the starting temperatures for con- 
ventional petroleum fuels of the same cetane num- 
per. The 100% Fischer-Tropsch fuel of 95 cetane 
number, however, was limited in use to 25 F be- 
cause of pour point. Even the 50/50 blend of 62 
cetane number which started at a temperature as 
low as 15 F was on the verge of being limited by its 
cloud point (16 F), at which temperature wax crys- 
tals could cause filter clogging. 

Studies of cetane number versus pour point for 
the range of 23 to 66 cetane show that abnormally 
high cetane number fuels will have high pour 
points. While there are at the moment no com- 
mercially available pour point depressants for light 
distillate stocks, it is quite possible that suitable 
materials could be developed for use in high cetane 
number fuels if engines were widely available which 
could efficiently utilize the higher ignition quality. 

Since naturally occurring cetane number is 
limited in providing the desired cold starting char- 
acteristics in diesel fuels, blends were evaluated 
for the effect of additives on starting. These addi- 
tives fall into two basic groups, (1) volatile com- 
pounds, and (2) compounds which have at one 
time or another been proposed as ignition acceler- 
ators. 

The starting characteristics of a 36 cetane number 
base stock blended with 10% by volume of n-hep- 
tane, M-4 reference fuel (20 octane number Michi- 
gan straight run), isooctane, and ethyl ether, re- 
spectively, indicate that while the base stock and 
blends with n-heptane, M-4, and ethyl ether were 
approximately of the same ASTM cetane number, 
the starting characteristics improve in direct rela- 
tion to the increase in front end volatility. In con- 
trast, the blend containing isooctane having the 
same volatility characteristics as the n-heptane 
blend, would not start even at a temperature of 50 F, 
indicating that the ignition quality of the volatile 
material is of major importance. 

This procedure for improving the starting char- 
acteristics of diesel fuels would perhaps not be ac- 
ceptable to many diesel operators in view of the 
fact that the flash points of such blends are below 
room temperature. 

Addition of various nitrated compounds to the 
same 36 octane number base stock indicated that 
2,2-dinitropropane, amyl nitrate, and n-butyl ni- 
trate have no significant effect on the cold starting 
characteristics of the base stock—even though these 
compounds effect substantial increases in cetane 
number. 

Organic peroxides had varying effects on the 
starting ability of the base fuel. Both t-butyl hy- 
droperoxide and cumene hydroperoxide increased 
cetane number appreciably but provided only slight 
improvements in starting. Propylene oxide, on the 
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other hand, showed no significant improvement in 
cetane number but did exhibit a limited tendency 
toward improving starting. 

Mixed organic peroxides produced increases in 
both cetane number anda cold starting ability, but 
even here the improvement was not so great as with 
a conventional fuel of the same cetane number. 
Additions of oxidized kerosene and an oxidized white 
mineral oil produced only minor improvements of 
no great significance. 

Various reports of both domestic and German 
origin have on many occasions proposed the use of 
miscellaneous types of organic compounds as 
“dopes” for diesel fuels. Consequently, some of 
the more readily available of these or similar ma- 
terials were blended into the base fuel. Tests were 
made on the following compounds: diethylene glycol 
monomethyl ether, diethylene glycol monoethyl 
ether, diethylene glycol diethyl ether, diglycerol, 
methyl formate, copper naphthenate, allo-ocimene, 
piperylene, and carbon disulfide. 

A 10% addition of diethylene glycol diethyl ether 
was the only additive in this group which produced 
an increase in the CFR cetane number of the blend, 
yet practically all of the additive materials appear 
to have improved to some extent the starting char- 
acteristics of the base fuel. 

From the data, it is evident that “diesel dopes” 
as such have only a small effect on the starting 
characteristics of fuels in the particular full-scale 
engine tested. It is also apparent that the cetane 
number as determined by the CFR ignition delay 
method bears no relation to the cold starting char- 
acteristics of these additive-containing fuels under 
the test conditions used. 

Of course, the engine builder and the ultimate 
user have parts to play, too, in easing cold starting. 

It is the operator’s duty to maintain his equip- 
ment properly, with particular regard for compres- 
sion pressures as influenced by piston ring and valve 
conditions, injector timing and spray pattern, 
cranking speed as influenced by maintenance of 
battery condition, and the selection of lubricating 
oils having suitable viscosity characteristics. 

The engine builder can assist by making con- 
tinued improvements in the operation and perform- 
ance of auxiliary aids. On the other hand, he could 
perhaps contribute as much by placing increased 
emphasis on a study of basic engine design factors 
and their influence on cold starting. Among these 
factors are such items as cranking speed, compres- 
sion ratio, injector characteristics, and combustion 
chamber design. 

Of these, it is known that improvements in cold 
starting can be obtained by increasing compression 
ratio, although the values currently in use are opti- 
mum based on many important factors other than 
starting characteristics. Likewise, with the engine 
designs currently in use, perhaps little can be gained 
in the way of compression temperatures by increas- 
ing the cranking speed over the levels now avail- 
able. Based on a few laboratory observations and on 
experiences described in the literature, it would ap- 
pear that an investigation of combustion chamber 
design and injection characteristics might prove 
fruitful. If such work has already been done, pub- 
lication of such information would assist many to 
reach a better overall understanding of the problem. 








LONGER-LASTING 
For Truck & Bus | 


USTING and oxidizing of exhaust equipment due 
to engine exhaust gases—plus severe pressures, 

Shocks, and vibrations—rule out lighter gages of 
mild steels in truck and bus exhaust systems. 
Several coated products (such as terne plate, zinc 
grip, and aluminized steels), stainless clad steel, 
and stainless steels offer considerably more life than 
ordinary mild steel of equivalent gage, although 
each has its disadvantages. 

Terne plate, better known as long terne or lead- 
coated steel, is a fairly easy steel to work as regards 
drawing and fabrication. It offers considerable 
resistance to oxidation and corrosion when sub- 
jected to normal exhaust gas temperatures, even 
though the melting of softening point of the coated 
surface may be low. It maintains a bright surface 
longer than normal steels and seldom requires 
painting. This is a definite advantage since paint 
is not a permanent finish on exhaust mufflers. 

But terne plate does not lend itself too well to 
fabrication when arc or gas welded. Spot welding 
affects it less adversely. 

Terne plate costs about 30% more per pound than 
mild steel, based on similar quantities and gages. 
Its use is best justified on systems where exhaust 
condensation is critical, and units subjected to 
severe weather conditions rather than high exhaust 
gas heat. There is some question as to whether you 
get the most for your muffler dollar from light-gage 
terne plate or heavy-gage mild steel. 


Aluminum Coatings 


Aluminized steel—a bonded coating of aluminum 
rolled on to ordinary mild steel—is exceptionally 
resistant to rusting from weather conditions and 
offers a fair degree of corrosion resistance. It 
lacks drawing ability or ability “to fold back on 
itself,” as required in some muffler end flanges; but 
works quite readily in general fabrication. 

Again because of its coating, aluminized steel 
needs no paint. Its producers claim aluminized 
steel will withstand temperatures as high as 1500 F 
and that it does not tend to break down under this 


heat as ordinary mild steel does. In several test 
programs now under way, aluminized steels are 
being subjected to higher heats in exhaust systems 

Aluminized steel costs more than twice as much as 
mild steel. Again this raises the question of lighter 


gages of costly steel versus heavier gages of mild 
steel. 


Heat Hard on Zinc Grip 


Tests have been made on a material called zinc 
grip, a form of galvanized sheet much like terne 
plate, that offers a glossy finish with more luster 
than either terne plate or aluminized steel. It is 
fairly resistant to normal weather conditions and 
will maintain its glossy finish for a long time with- 
out rusting. However, if exposed to hot exhaust 
gases long enough, it will pit, break down, and 
finally show rusting. 

Zinc grip, like most coated steels, does not lend 
itself to arc or gas welding because the coating will 
burn away near the weld, leaving an exposed area 
of mild steel. This unprotected surface will rust 
and corrode like any ordinary mild steel. But this 
is not always the case in spot welding or seamed- 
stitch welding; coated metals are being fabricated 
this way fairly successfully. Zinc grip, like terne 
plane, costs about 30% more than mild steel. 

Hot-dip galvanized and terne dip are coatings 
that have gained considerable favor. The procedure 
consists of coating the mufflers after complete fabri- 
cation so that all surfaces, including welds, are pro- 
tected against corrosion. Before coating, the muf- 
flers are immersed in a pickling bath and then 
dipped into the molten solution, either zinc or lead. 
Treating mufflers this way calls for proper drains 
so that they can be readily and thoroughly drained 
to prevent large coating-material deposits within 
the muffler. 

Hot-dip galvanized mufflers do not drain as well 
as those that are terne dipped; and in some cases 
the heat from the hot-dip galvanizing process tends 
to distort the muffler. The lower temperatures of 
the terne dip process yield better draining and more 
uniform coating. 
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MATERIALS 
Mufflers 


Both these processes are done on a poundage 
basis .. . the amount of material adhering to the 
surface determines the cost of the coating. Gal- 
vanizing usually costs less than terne dipping, al- 
though it is less expensive to remove excess metal 
from terne-dipped mufflers. Construction of the 
muffler and its final use will determine which is the 
more desirable. 

Considerable development is under way on hot 
aluminum dipping after fabrication. This process 
presents many more problems than procedures such 
as hot-dip galvanizing and terne dipping. It calls 
for more expensive equipment and greater skill. 
General Motors Corp. and others currently are ex- 
perimenting with the process. 


Porcelain Attractive 


Still another interesting process is procelain coat- 
ing of steels subjected to highly corrosive conditions 
and high temperatures. Porcelain coated steels ap- 
parently can withstand temperatures up to 1500 F, 
offer considerable acid resistance, and may well 
have a place in the muffler industry. 

In the past, such coatings have been so brittle as 
to chip off under exhaust muffler operating condi- 
tions, exposing mild steel at these points to corro- 
sion. Work is being done to get a better bond. If 
the cost of such coating is not too high, porcelain 
would be feasible for extending muffler life. 

Stainless steels also could be used if initial muffler 
cost were not given such emphasis. Lighter gages 
can be used to lengthen the life and reduce the 
weight of exhaust systems. These steels can be 
worked readily in drawing operations, spot welding, 
are welding shaping, and forming. They also can 
be combined with mild steel since there is practically 
no electrolytic action. Stainless steels are particu- 
larly resistant to high temperatures, and unaffected, 





* Paper “Better Exhaust Systems for Trucks and Buses,” was presented 
at SAE Annual Meeting, Detroit, Jan. 12, 1950. (This paper is available 
in full in multilithographed form from SAE Special Publications Depart- 
ment, Price: 25¢ to members, 50¢ to nonmembers.) 
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in most cases, by corrosive conditions in exhaust 
mufflers. Some lower grades of stainless steel will 
rust under normal atmospheric conditions, but are 
better than mild steel. 

Stainless steel costs from 8 to 17 times more per 
pound than mild steel, which limits the use of stain- 
less. The choice is based on what the customer can 
pay. For this reason stainless steel is used in cer- 
tain parts of exhaust systems subjected to severe 
heat, and mild steel is used in the remainder of the 
system. Some low-grade stainless steels are used 
to save on cost where the best design would demand 
a better type of stainless. 

There are conditions where it is desirable to make 
mufflers completely of stainless steel, and other cases 
where only a limited amount seems justified. Field 
experience has shown that in many cases stainless 
steel adds enough muffler life to more than offset the 
higher original cost. 


Economical Use of Stainless 


Stainless clad steel combines the properties of 
both mild and stainless steel. It consists of a layer 
of stainless steel rolled on and bonded to a layer of 
mild steel. Stainless clad steel is offered in heavier 
gages with a 10% thickness of various grades of 
stainless. The lighter gages use a 20% layer of 
stainless. 

This material has not been used generally in the 
exhaust mufflers, but its use is warranted in certain 
applications. For example, it might lend itself quite 
well to exhaust lines, which tend to corrode from the 
inside, but are not subjected to much outside rusting. 
Stainless clad steel costs about half as much as solid 
stainless. 

Aluminum mufflers, which would be limited to 
low-temperature exhaust systems, have been tested 
in an effort to reduce weight and corrosion. These 
mufflers failed because the metal fractured, possibly 
as a result of crystallization. Heavier gages and in- 
ternal bracing might eliminate the metal fractures, 
but here again cost is the controlling factor. With 
the development of new aluminum alloys, this pic- 
ture may change. 
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Fig, 3—This 10-station W. F. & John Barnes transfer ma- 
chine finishes all holes of the Reo Gold Comet engine 
cylinder block. Included are all stud and bolt holes, 
tappet holes, connecting oil holes between crankshaft and 
cam bearing bores and oil gallery, oil pump and distributor 
shaft holes, and water passage holes. An automatic chip 
conveyor in the base of the machine carries the chips to an 
auxiliary conveyor which raises them to the height of 
the chip truck, replacing manual chip handling 


Why transfer machines are gain- 
ing popularity emerges from ex- 
periences of Reo, Oldsmobile, 
and Packard, reported in this 
article. 

e 


The article is based on papers® 
by manufacturing men who 
show ways to use these ma- 
chines, reveal the savings they 
yield, and tell how such econo- 
mies may be achieved. 


They are: D. C. Burnham, manu- 
facturing manager, Oldsmobile 
Division, GMC; O. R. Goodrich, 
manufacturing division, Packard 
Motor Car Co.; and A. W. Zim- 
mer, works manager, Reo Mo- 
tors, Inc. 





—Pros outweigh Cons 


boring, reaming, and tapping on the head. It does 
the work of four prewar machines. 

Reo’s Gold Comet engine block goes through three 
fully automatic transfer machines. 

The first is an eight-spindle, two-station milling 
machine with built-in broach for finishing the side 
of the main bearing channel. A six-station ma- 
chine, for drilling all the holes in both ends an 
rough boring the main bearings and camshaft bore: 
has 53 drills and boring tools. The third, shown 


Fig. 3, is a 10-station machine that drills and finishe 


all holes on top and bottom of the cylinder Dlock. 
It uses 143 tools. 
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* Panecs “Tramsfer Miachimes Versus Individual Miachimes,” bw Burctam, 
“Transter Miacihimes—Labor Cost of Operation Compared to Orter Types 
of Machimes.” bw Goodrich, and “Simplification and C fetuccor or 
Transfer Miachimes,” by Zimmer, were presented et SAE Detrnitt Section, 
Oct. 24 1949. (These papers are available im full im muihiictogranitec 
form from SAE Special Publications Department. Pree: Dt eacth to 
membecs, SO each to nonmembers 
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Oldsmobile 








Fig. 1- 
machine has helped double the output of Oldsmobile’s 


-This Ingersoll transfer-type milling and boring 


Rocket engine blocks. The machine is 86 ft long, accom- 

modates 20 blocks at a time, and costs about $275,000. 

The operator controls machining operations with the aid 
of the lighted control board in front of him 





Packard 


Fig. 2—Packard 8-cyl blocks passing through this 12- 

station Footburt transfer machine are automatically drilled, 

reamed, and bored. The pushbutton panel with signal 
light indicators controls machine operation 





TRANSFER Machine 


IRECT labor savings justify transfer machines for 
machining engine blocks and other automotive 

parts, even though it costs more in indirect labor or 
maintenance to keep these machines running. This 
has been the experience of production departments 
at Oldsmobile, Packard, and Reo Motors. 

Oldsmobile uses transfer machines on engine 
parts of all types and sizes, ranging from bearing 
caps to engine blocks, and on parts as irregularly 
shaped as exhaust manifolds. 

The Oldsmobile Rocket engine block is machined 
on a 24-station Ingersoll machine, shown in Fig. 1, 
which performs these ten operations: 


1. Mills front surfaces of crankshaft bearings, 
. Mills rear surfaces of crankshaft bearings, 
. Mills anchor slots, 

. Mills oil filter pad, 

. Mills oil dip stick pad, 


on Pp & DO 


6. Rough bores cylinders, 


7. Chamfers top and bottom of bores, 
8. Turns block 90 deg, 


9. Rough mills front and rear end of block, and 
10. Finish mills front and rear of blocks. 


On Packard’s cylinder block line an Ingersoll Dup- 
lex Mill machines the valve cover and manifold 
faces two blocks at a time. Another transfer ma- 
chine mills the distributor, fuel pump, oil pump 
and generator pads. Still a third mills the front 
and rear ends of the block. Nearly all the drilling, 
chamfering, tapping, reaming, boring, counter- 
boring, and countersinking in the block are done 
by six transfer type machines, ranging from two to 
17 stations. One of these, shown in Fig. 2, is a 12- 
station Footburt installation. 

A transfer machine on Packard’s cylinder head 
line does all the drilling, countersinking, counter- 
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Fig. 3—This 10-station W. F. & John Barnes transfer ma- 
chine finishes all holes of the Reo Gold Comet engine 
cylinder block. Included are all stud and bolt holes, 
tappet holes, connecting oil holes between crankshaft and 
cam bearing bores and oil gallery, oil pump and distributor 
shaft holes, and water passage holes. An automatic chip 
conveyor in the base of the machine carries the chips to an 
auxiliary conveyor which raises them to the height of 
the chip truck, replacing manual chip handling 


Why transfer machines are gain- 
ing popularity emerges from ex- 
periences of Reo, Oldsmobile, 
and Packard, reported in this 
article. 

. 


The article is based on papers* 
by manufacturing men who 
show ways to use these ma- 
chines, reveal the savings they 
yield, and tell how such econo- 
mies may be achieved. 


They are: D. C. Burnham, manu- 
facturing manager, Oldsmobile 
Division, GMC; O. R. Goodrich, 
manufacturing division, Packard 
Motor Car Co.; and A. W. Zim- 
mer, works manager, Reo Mo- 
tors, Inc. 





—Pros outweigh Cons 


boring, reaming, and tapping on the head. It does 
the work of four prewar machines. 

Reo’s Gold Comet engine block goes through three 
fully automatic transfer machines. 

The first is an eight-spindle, two-station milling 
machine with built-in broach for finishing the sides 
of the main bearing channel. A six-station ma- 
chine, for drilling all the holes in both ends and 
rough boring the main bearings and camshaft bores, 
has 53 drills and boring tools. The third, shown in 
Fig. 3, is a 10-station machine that drills and finishes 
all holes on top and bottom of the cylinder block. 
It uses 143 tools. 


* Papers “Transfer Machines Versus Individual Machines,” by Burnham, 
“Transfer Machines—Labor Cost of Operation Compared to Other Types 
of Machines,” by Goodrich, and “Simplification and Cost Reduction on 
Transfer Machines,” by Zimmer, were presented at SAE Detroit Section, 
Oct. 24, 1949. (These papers are available in full in multilithographed 
form from SAE Special Publications Department. Price: 25¢ each to 
members, 50¢ each to nonmembers.) 
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All these transfer machine installations netted 
a saving in direct labor saving as well as other man- 
ufacturing economies. 

For example, the 24-station Ingersoll at Olds- 
mobile replaced seven individual machines. Pre- 
viously the production for these seven machines 
required seven operators, each loading the cylinder 
block into his machine, operating the controls at 
his machine, unloading the machine, and pushing 
the part on a roller conveyor to the next operator. 
Now these seven men are replaced by one operator 
on the 24-station transfer machine. 

Direct labor savings realized by Packard are 34% 
on the 8-cyl block and 23% on the six. Operators of 
Packard’s prewar machines (single-station types) 
had to clamp each block manually, and blocks re- 
quired accurate positioning. Each block had to be 
pulled out, whereas the transfer machine auto- 
matically ejects the blocks from the machine, 

Direct labor costs on cylinder heads machined on 
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the transfer machine have been reduced 64 and 
42%, respectively, on the 8-cyl and 6-cyl heads. 
This transfer machine reduced total direct and in- 
direct labor cost 59% on the 8-cyl head and 39% on 
the six. 

Transfer machines take about half as much time 
for loading. Parts flow on a line of transfer ma- 
chines is always forward, free of back-tracking. 
Transfer machines actually would net greater sav- 
ings, Packard men point out, if the one or two op- 
erators on each could be Kept busy all of the time. 
Each transfer machine operator is idle as much as 
75% of the time. But it is not practical to assign 
more than one transfer machine to an operator be- 
cause of the distances he would have to travel and 
the obstructions in his path. 

Cost comparisons made by Reo show as much as a 
5.5 to 1 saving in direct labor costs. Direct labor 
costs per piece for three different setups are as 
follows: 


a. Transfer type machine $.133 
b. Standard or single-purpose machines $.658 
c. Machines of a generation ago $.940 


The group of three transfer machines cost $289,- 
000 as compared with $268,000 for the standard ma- 
chines they replace. 


Safer, Fewer Errors 


Automatic transfer machines also make possible 
other savings at the Reo plant. For one, they take 
about one-half the floor space of conventional ma- 
chines. The mechanical handling, loading, and 
clamping devices reduce scrap rates by removing 
possibility of operator error. Micro-switches con- 
nected to locating and clamping facilities help to 
reduce scrap still further by preventing the operator 
from cycling the machine if a part is not properly 
located or clamped. Such safety devices prevent 
expensive machine, tool, and fixture damage. 

Mechanical loading, Reo engineers believe, also 
minimize worker fatigue and injuries while elimi- 
nating costly, cumbersome handling equipment. 

Transfer machines are not without their head- 
aches, the Oldsmobile, Reo, and Packard installa- 
tions have proved. Biggest job is to keep them 
running. With so many operations combined in a 
Single machine, chances for interruptions or break- 
down are greater. Trouble in any one unit stops the 
entire machine. Preventing such shutdowns or 
minimizing the down time is the key to successful 
transfer machine operation. 

Philosophy at Oldsmobile is that breakdowns will 
occur, no matter how well designed the transfer ma- 
chine. For this reason a carefully selected stock of 
spare gears, bearings, and other parts are available 
from the very start of production. 


Cutting Tool Change Time 


Time for changing cutters also can be costly. A 
5% cutter changing allowance on an individual ma- 
chine jumps to 35% when seven such machines are 
combined into one. Oldsmobile’s production de- 
partment is tackling the problem in two ways: (1) 
providing facilities for faster cutter change and (2) 
developing longer-lasting cutters. 


—————e—————————— a ae 


Each transfer machine has a tool bench with 
numbered pigeon hole for each cutting tool used | 
the machine. A complete set of sharpened tools pr 
set in holders is maintained on this bench. 

Getting cutters to hold up long enough to preven: 
excessive tool changing presented Oldsmobile pro 
duction engineers with their toughest problem. Im 
provements such as doubling the number of teeth i: 
some milling cutters yielded four to five time 
greater cutter life, greatly reducing the tool-chang- 
ing chore. 

Both Oldsmobile and Packard find the compli- 
cated electrical and hydraulic systems difficult to 
trouble-shoot. Oldsmobile’s 24-station transfer ma- 
chine contains about five miles of wire. When first 
installed, one of the heads on the machine did not 
function properly. It took three days to trace down 
the circuit from the wiring diagram and find that 
two wires were erroneously labelled. It took only 2 
min to fix the machine. 

Packard engineers say this complicated nature of 
the machine is the reason for higher indirect labor 
costs. It takes longer to locate troubles, the ma- 
chine is down longer, and down-time cost is higher. 

They note that it also takes longer for machining 
accuracies to be discovered, because there cannot be 
as many inspection points. In one transfer machine 
there may be as many as 17 bad pieces before the 
first one is found. This makes for additional han- 
dling and remachining. 

For these reasons Packard’s indirect labor costs 
have risen 46% and indirect material costs gone up 
27%. Before the transfer machines were installed, 
Packard’s ratio of indirect to direct labor was 8.4%; 
first year after installation it rose to 26.3%; and 
now has gone down to 12.3%. These facts, produc- 
tion men emphasize, should not be taken as destruc- 
tive criticism, but rather as challenges to the ma- 
chine designer. These problems must be licked 
when planning new transfer machines. 


Hints in Planning 


From their experience, Oldsmobile, Packard, and 
Reo production men suggest the following consider- 
ations when planning a new transfer machine: 


1. The new machine must do more work than that 
done by all the old machines it replaces. 


2. Plant layout should be such that fullest use 
can be made of an operator’s time. 


3. Machine maintenance should be as simple as 
possible. 


4. Foundations must be good and machines rigged 
to the floor and blocked to prevent horizontal move- 
ment. 


5. All drilling should be horizontal wherever pos- 
sible. 


6. All tapping should be the last or as late an op- 
eration as possible. 


7. After installation, if the part machined on the 
transfer machine is changed, production is least in- 
terrupted by replacing entire units or heads on the 
machine. Reason: one added hole on a part re- 
quires as much direct labor, if put on a separate 
machine, as all the work performed in a transfer 
machine. 
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Methods of Measuring 
Case Depth of Steel 


This SAE Recommended Practice for Methods of 
Measuring Case Depth was developed by Division 
XII1, Measurement of Case Depth, of the SAE Iron 
& Steel Technical Committee, and will be published 


in the 1950 SAE Handbook. 


The methods recom- 


mended are currently in use. 





1. Effective Case Depth is defined as that distance 


-_A. Definitions for Carburized Cases ——— 


2. Total Case Depth is defined as that distance 


measured perpendicularly from the surface of a measured perpendicularly from the surface of the 


hardened case to a point of hardness equivalent to 
Rockwell “C” 50. 





(This method is considered most accurate for ef- 
fective case depth measurement.) 


1. Cut specimen perpendicular to carburized surface 
from part to be examined. 


2. Grind and polish specimen. Surface finish of the 
area to be traversed should be polished finely enough 
so as not to affect the hardness impressions; the 
lighter the indentor load, the finer the polish neces- 
sary. 


3. For effective case depth measurement, read to a 
point of hardness equivalent to Re 50. A plot of 
hardness versus the depth from the surface will fa- 
cilitate this reading. 

The following sketches illustrate the recom- 
mended procedures: 
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case down through carbon enrichment. 


—  B. Hardness Traverse Method 





a. Taper Section Procedure (Recommended for 
Measurement of light and medium cases.) 


CASE 
OPP 





CORE 








A shallow taper is ground through the case and 
hardness measurements are made along the surface 
thus prepared. The angle is chosen such that read- 
ings spaced equal distances apart will represent the 
hardness at the desired increments below the sur- 
face of the case. 

Note: Unless special anvils are used, a parallel 
section should be prepared so that readings are 
taken at right angles to the surface. Care should 
be exercised in grinding to prevent tempering. 








b. Step Ground Procedure (Recommended for 
measurement of medium and heavy cases.) 


CASE 
0 a ee 


CORE 











ae 


This method is essentially the same as the taper 
ground section method, with the exception that 
hardness readings are made on steps which are 
known distances below the surface. 





ec. Cross-Section Procedure (Recommended for the 
measurement of light, medium, and heavy cases). 


CLL 


CORE 
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diate —_— -C. Methods Applicable to Carburizing 





Alternate procedure recommended for heavy cass 


CELL LL. 


CORE 














The hardness traverse should be started far 
enough below the surface to ensure proper support 
rom the metal between the center of the impres- 
sion and the surface. Subsequent impressions ars 
spaced far enough apart so as not to distort one an- 
other. The distance from the surface of the case to 
the center of the impression is measured on a micro- 
scope. 

Note: Hardness testers which use light indentor 
loads (example—Tukon, Micro Hardness Testers, 
Eberbach Vickers) are recommended for all the 
above procedures. (Testers using heavier loads (ex- 
ample—Rockwell Superficial, Rockwell “A,” or Rock- 


well “C’?) may be used for medium and heavy case 
measurements. 





Grades of Steel 


1. Microscopic Method for Reading Effective Case 
Depth in the Hardened Condition (Carbon and Alloy 
Steels) 


a. Fracture or cut specimen at right angles to the 
surface. 

b. Give full microscopic polish to specimen. 

c. Etch 3 to 5% Nital (by volume at room tem- 
perature). 

d. For approximate effective case depth measure- 


ment, read to 50% martensite at 100 diameters 
(x 100). 


2. Microscopic Method for Reading Case Depth in 
the Annealed Condition 


a. Plain Carbon Steel 

i. Fracture or cut specimen at right angles to 
surface. 

ii. Specimen may be protected by coating of 
copper, other protective coating, or any suitable 
means of preventing loss of carbon. 

iii. Pack in charcoal in small thin-wall con- 
tainer. 


iv. Place container in furnace operating at 1650 
to 1700 F. 

v. Leave in furnace long enough for specimen 
to reach uniform furnace temperature. 

vi. Remove container from furnace and cool in 
some retarding medium such as mica, lime, or other 
noncarbonaceous insulating material at a rate 
which will reduce temperature to 800 Fin 2% to3 hr. 
Cool as desired from 800 F. 

vii. Prepare specimen for microscope. 


viii. Etch in 3% Nital (by volume at room tem- 
perature). Examine at 100 diameters. 

ix. For approximate effective case depth meas- 
urement, read down to 50% pearlite-ferrite com- 
bination point. 

x. For total case depth measurement, read the 
depth of carbon enrichment. 

Note: Care should be taken in annealing, since 
the line of demarcation may be altered by diffusion. 

b. Alloy Steels 

i. Fracture or cut specimen at right angles to 
the surface. 

ii. Specimen may be protected by coating of 
copper, other protective coating, or any suitable 
means of preventing loss of carbon. 

iii. Pack in charcoal in small thin-wall con- 
tainer. 

iv. Place container in furnace operating at 75 
to 150 F above the upper critical temperature (AC3 
pt) forthe core. (Generally an annealing tempera- 
ture of 1600 to 1675 F should be satisfactory.) 

v. Leave in furnace long enough for specimen 
to reach uniform furnace temperature. 

vi. Remove container from furnace and trans- 
form isothermally or cool at a sufficiently slow rate 
to insure maximum ferrite separation to 0.50 carbon 
level. If martensite is retained in the structure and 
it is desired to increase the contrast of the case, the 

specimen may be tempered at 1000 to 1100 F and 
cooled as desired. 

vii. Prepare specimen for microscope. 

viii. Etch in 3 to 5% Nital (by volume at room 
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‘emperature). Examine at 100 diameters. 

ix. For approximate effective case depth meas- 
ement, read down to 50% pearlite-ferrite combi- 
tion point. 

x. For total case depth measurement, read the 
pth of carbon enrichment. 

Note 1: Care should be taken in annealing, since 
1e line of demarcation may be altered by diffusion. 

Note 2: This method becomes less effective as 

ne alloy content increases. 

ce. Ms (Martensite-Start) Method 

An alternate method of measuring case depth in 
the annealed condition is known as the Martensite- 
Start Method of Measuring Case Depth by Marten- 
site Formation. 

Note: For further information, see article by Pay- 
son and Savage in Transactions of the American 
Society for Metals, 1944, Vol. 33, p. 261, and article 
by Rowland and Lyle, Transactions of the American 
Society for Metals, 1946, Vol. 37, p. 27. 


3. Brinell Glass Method 

This method is recommended for routine produc- 
tion control or for laboratory use when properly cor- 
related with more precise methods for both plain 
carbon or alloy steels in the hardened condition. 

a. Prepare specimen by fracturing or cutting at 
right angles to the surface. 

b. Follow either of the following methods now in 
use: 

i. Rough grind specimen and etch for 10 sec in 
a solution containing 50 cc of concentrated nitric 
acid, 5 g ammonium persulphate, and 50 cc water. 
Specimen is then swabbed, rinsed, and dried prior 
to re-etching in 10% Nital and is examined with a 
Brinell microscope. Read all of the blue (darkened 
zone) for total case. 

ii. Grind and/or polish on #000 metallographic 
emery paper or finer. Etch specimen in fresh 5% 
solution of nitric acid in ethyl alcohol at 70 to 80 F 
for approximately 1 min, agitating continuously. 
Then rinse in two clean ethyl alcohol rinses. For 
total case depth measurement, read all of the dark- 
ened zone. For approximate effective case depth 
measurement, read from the external surface of the 
specimen to the center of the inner dark band pro- 
duced by etching. 


4. Fracture Method 
This is recommended chiefly as a production con- 





D. Methods Applicable to Cyanided 





trol method of measuring case depth of carburizing 
grades of steel. 

a. Notch the specimen and fracture. 

b. Etch in 3 to 5% Nital and/or heat tint (blue) 
the fractured surface at 600 F. 

c. Read with a Brinell glass to a aepth previously 
correlated with more precise methods. 


5. Step-Grind Method 

This is recommended as a production control 
method of measuring effective case depth of car- 
burizing grades of steel. 

a. Use a specimen of steel 1% x 54g x2 in. long of a 
known core hardness of Rockwell “C” 30 to 35 after 
oil quenching. 

b. Load test bars at regular intervals with parts 
to be carburized and hardened. 

c. Place hardened test bar in a suitable vise on a 
surface grinder and grind two flats of required depth 
for case desired. A grinding wheel '% in. wide by 7 
in. diameter of grade 58A-80-H-14-V-55 is recom- 
mended. Surface grinds of 0.0005 in. depth per 
travel of the work table is used. 

d. Check Rockwell “C” hardness of the ground 
flats. The first ground flat should check Rockwell 
“C” 57 to 58 minimum while the second ground flat 
should check Rockwell “C” 50 maximum, 

e. Empirical guide to be followed for depth of 
grinds on test bars for required effective case: 














Amount Ground Off 
Required Effective 
Case First Grind Second Grind 
C-57 Minimum C-50 Maximum 
0.015 in. + 0.005 0.000 in. 0.015 in. 
0.020 in. + 0.005 0.005 in. 0.020 in. 
0.025 in. + 0.005 0.010 in. 0.025 in. 
0.030 in. + 0.005 0.015 in. 0.030 in. 
0.040 in. + 0.005 0.025 in. 0.040 in. 
0.060 in. + 0.005 0.045 in. 0.060 in. 


Note: In all cases the surface hardness of the 
hardened test bar is taken to serve as a guide on the 
type of case being produced. In other words, if the 
case is too rich or the surface carbon is depleted, 
then hardness will be several Rockwell “C” points 


below the hardness taken at a depth below the 
surface. 





Grades of Steel 


1. Fracture or cut specimen at right angles to the 
surface. 


2. Give full microscopic polish to specimen. 


3. Etch in 3 to 5% Nital by volume at room tem- 
perature. 
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4. The usual cyanide case contains a light etching 
layer followed by a total martensitic constituent 
which in turn is followed by martensite with in- 
creasing networks of other constituents, depending 
on the type of steel which has been cyanided. The 
total case is easily read when steels of low carbon 








content have been used and when the quenching 
temperature has been such that considerable ferrite 
is left in the region immediately below the case. 
These cases may be read to the bottom of the solid 
constituents and to the end of the fingers which ex- 
tend into the core material. When the material 
cyanided is such that total martensite occurs im- 
mediately below the case, greater difficulty is en- 
countered. At times, a fairly sharp line of demarca- 
tion can be noticed. When such is not present, the 





use of hardness tests, such as shown under “Mea; 
urement of Nitride Case Depth” is recommende: 

Note: Carbo-nitride refers to the hydrocarbo 
ammonia gas processes sometimes called Dry Cy 
aniding or Gas Cyaniding. 

The process produces a case quite similar to tha: 
produced by cyaniding. The outer white layer ma 
not be as pronounced and there may be considerab): 
austenitic structure. These cases are read as de 
scribed above. 


. —_—E, Methods Applicable to Nitrided : 
Grades of Steel 


1. The Hardness Traverse Method, described under 
“B” above, is recommended as the most accurate for 
measurement of this type of case. 


2. Microscopic Method 

a. Fracture or cut specimen. (See D) 

b. Give full microscopic polish. (See D) 

c. Etch with the following reagent: 4% Picrol— 
10 parts, 4% Nital—1 part. 

d. It is more difficult to read nitride case depth 
microscopically than it is to read carbide case depth, 
Since the gradual diminution of nitride network 





constituent makes it almost impossible to determine 
exactly where the case ends. 

This reagent delineates the high-nitrogen layers 
on the surface and the iron nitride network constit- 
uent within the case. 


3. Fracture Method 

The depth of nitride case can be determined by 
examining the surface of a fracture through the 
case. However, this method is very rough and is 
recommended only for those instances where the 
crudest type of measurement is desired. 





~ —-F. Methods Applicable to Flame and- a 
Induction-Hardened Areas of Steel 


1. Microscopic Method 

a. Cut specimen at right angles to the surface. 

b. Give full microscopic polish to specimen. 

c. Etch in 5% nitric acid in denatured alcohol for 
4min. Agitate while etching. 

d. Measure depth of fully martensitic structure. 
This is considered the fully hardened case depth. 
Continue microscopic exploration until the base 
metal structure is reached. The distance between 
the full martensitic area and the base metal is re- 
ferred to as the Transition Zone. 


2. Macroscopic Method 

a. Cut sample at right angles to the surface. 

b. Grind sample to a finish equivalent to #000 
metallographic emery paper. 

c. Etch in Solution No. 1 composed of 5% concen- 
trated nitric acid in denatured alcohol for 4 min. 
Agitate while etching. Transfer to solution No. 2 
composed of 10% concentrated hydrochloric acid 
in denatured alcohol for 8 min. Agitate while etch- 
ing. Transfer to solution No. 3 composed of 15% 
ammonium hydroxide in denatured alcohol for 4 
min. Agitate while in solution. 


d. Rinse and dry for observation. 
e. Measure depth with a Brinell glass down to the 


line of demarcation between hardened surface and 
core. 


3. Macroscopic Method (When saw cutting is neces- 
sary) 

a. Temper part at approximately 950 F. 

b. Saw section to be examined. 

c. Grind to a finish equivalent to #0 metallo- 
graphic emery paper.* 

d. Etch in ammonium persulphate. 

e. Rinse in water, swab to remove any sludge. 

f. Rinse in hot water and dry. 

g. Measure depth with a Brinell glass down to 
the line of demarcation between hardened surface 
and core. 

* For large sections, careful surface grinding with 
frequent dressing of the wheel is satisfactory. 


4. Hardness Transverse Method 

A transverse hardness traverse check such as 
recommended for deep carburized cases may be 
used. 
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HORNING MEMORIAL LECTURE, presented at the SAE 
Annual Meeting, Detroit, January 11, 1950 


(This paper will be printed in full in SAE Quarterly Transactions) 


HIRTY YEARS AGO, gasoline to most automotive 

engineers was simply a liquid that came in a red 
can. At that time Harry L. Horning was one of the 
few men who had the insight to see the importance 
of fuels in relation to the behavior of engines. He 
played a major part in initiating research on the 
subject, and during his lifetime in helping to con- 
duct it—notably the cooperative research which has 
been a big factor in the more perfect fitting of fuels 
and engines. It was to aid in forwarding that cause 
that the Horning Memorial Award was established 
by Mrs. Horning. 

As it happens, I have had for many years a ring- 
side seat at a pathfinding program of fuel and engine 
researches. This research, started in 1916 by 
Charles F. Kettering, is still in progress. It has 
therefore been thought that an account of that 
program—of its gropings, its failures, and its suc- 
cesses—might be of interest. 

It was in a very humble way that the long re- 
search began. The place was an old building that 
had been a tobacco warehouse. The first effort was 
to find out something about knock. Just a few 
years earlier, knock had begun to appear in auto- 
mobile engines. It came when the production of 
gasoline was boosted to meet an increasing demand, 
thus lowering its volatility and reducing its freedom 
from knock. The prevalence of knock then had 
been used by some in an effort to discredit battery 
ignition, a fundamental part of electric self-start- 
ing, which was new at the time. Spark knock it was 
called. 


The very first thing done was to put an optical 
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indicator on a one-cylinder, aircooled engine in an 
effort to see what could be learned about knock, 
which at the time was commonly supposed to be 
caused by preignition. The indicator was supple- 
mented by two pieces of lath, two shingle nails, and 
a tomato can. Out of those parts, a film drum was 
made which could be rotated—by hand—in the path 
of the beam of light from the indicator. A piece of 
photographic paper was put around the tomato can 
drum and secured there by rubber bands. Then, 
with the engine running under knocking conditions, 
Kettering spun the tomato can on its shingle-nail 
pivots, and Midgley (Thomas Midgley, Jr.) opened 
the shutter of the indicator. 

It was by that make-shift means that the first 
photographic cards of knocking events in an engine 
were obtained. And those pictures yielded this im- 
portant item of information: Knock does not come 
from preignition at all. It is a violent pressure dis- 
turbance which comes after ignition by the spark 
plug. 

Speculating then on why kerosene knocks worse 
than gasoline, it was reasoned that the difference 
might be due to volatility. It was recalled that the 
wild flower, the trailing arbutus, with its red-backed 
leaves, blooms early in the spring, even under snow. 
And it was thought that if only kerosene were dyed 
red it might absorb enough more heat to make it 
vaporize better, and so behave like gasoline. But 
no red dye happened to be available there then—it 
was Saturday afternoon. So a bottle of iodine was 
pulled down from the shelf with the suggestion that 
iodine ought to dye kerosene red. And when kero- 
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Thomas Midgley, Jr., with the Midgley Indicator 


sene made red with that iodine was run in the 
engine, sure eough, the knock was greatly reduced! 
So the fine theory was apparently confirmed. 

But when soon afterwards kerosene made red with 
a regular dye was run, there was no effect whatever 
on the knock, no matter how deep the dye. Never- 
theless, out of that theory had come the important 
discovery that knock is suppressed by the presence 
of a minute amount of iodine. It was not that 
iodine was important of itself, for it could not be 
used in a practical way, but that it showed that 
powerful chemical antiknock agents do exist. Soas 
an incentive to effective action that theory, incorrect 
though it proved to be, turned out to be an important 
stepping stone in the path of progress. 

As luck would have it, though, the search for a 
practical antiknock agent had been pursued only a 
short time when it was discovered that the nitrogen 
compound aniline and the other aromatic amines 
similar to it are effective knock suppressors. These 
aniline-type compounds seemed so nearly practical 
that the most of the activity of the group for many 
months was put into the effort to develop to a more 
commercial stage the use of the aniline compounds 
as knock suppressors. 

One of the things done in that program was to 
boost the compression ratio of the engine in an ex- 
perimental car from the then normal value of 4 to 1 
up to 7 to 1. That car was driven on gasoline con- 
taining toluidine, one of the aniline-type com- 
pounds. The car had such high performance or 
such unusual hill-climbing ability for that time— 
and also its engine and the exhaust from it smelled 
so badly from toluidine used—that it was dubbed 
“The Goat.” But it gave an increase of 40% and 
more in miles per gallon over the car of conventional 





compression ratio, thus demonstrating the benefits 
of a fuel that would make possible the use of higher 
compression ratios. 

But, as so often happens in the search for new 
things, the research arrived before long at one of 
its lowest points. That period of discouragement 
came about at the end of 1920. The practical diffi- 
culties with the aniline-type compounds that had 
to be faced, one of which was their disagreeable 
odor, gradually made it apparent that the chances 
of applying them successfully were not bright. Of 
the odor problem, one of the men wrote, “I doubt 
if humanity, even to doubling their fuel economy, 
will put up with this smell.” Some members of the 
group proposed that the search for an antiknock 
agent be stopped at that point. 

However, just shortly after that time came a new 
and important discovery. A soluble compound of 
selenium, selenium oxychloride, became available. 
That compound when tested in the engine proved to 
be very effective as an antiknock agent—consider- 
ably more effective than anything tested before that 
time. Other selenium compounds were tried, and 
one, diethyl selenide, was found to be five times as 
effective as aniline. 

Then a compound of tellurium, the element similar 
to selenium and next to it in the periodic table, was 
made in the form of diethyl telluride. And as an 
antiknock agent that compound proved to be four 
times as effective as selenium ethyl, or 20 times as 
effective as aniline. And that really was exciting. 
These gratifying discoveries, made all within a few 
days, naturally lifted the endeavor out of the valley 
of discouragement into which it had descended and 
gave it a new lease on life. 

But two serious defects were found to apply both 
to selenium and tellurium. First, a study of avail- 
ability showed that the potential supply of those 
two elements was not adequate to treat gasoline on 
the scale that would be required. And, second, the 
compounds of both had very bad odors. The most 
effective of the compounds, tellurium ethyl, smelled 
like a devilish mixture of garlic and onions. The 
compound got into a fellow’s system and on his 
clothes so that he carried it with him wherever he 
went. He could not wash it off, for water only made 
the odor worse. For these reasons, the use of tel- 
lurium, powerful antiknock agent though it is, was 
just not practical. 

But out of the selenium and teliurium discoveries 
came an important advance in the method of the 
investigation. These discoveries made us suspect 
that the antiknock property might be related in a 
definite way to the positions of the elements in the 
periodic system. Carrying out this concept, and 
plotting the results by means of a pegboard laid out 
after the fashion of the periodic system, guided us 
eventually to lead, to tetraethyl lead. And, when 
tested in the engine with the aid of the bouncing-pin 
indicator developed meanwhile for this phase of the 
search, tetraethyl lead showed the astonishing anti- 
knock effectiveness of 50 times that of aniline. This 
amazing and exciting observation was one of the 
most dramatic events of the whole program, and it 
came less than a year after the time when the dis- 
couragement was so deep that there was sentiment 
for dropping the search altogether. 

However, in the operation of engines on gasoline 
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-ontaining tetraethyl lead, the disheartening dis- 
covery was soon made that tetraethyl lead alone 
yuld not be used in gasoline. It left solid deposits 
there, deposits which resulted in serious exhaust 
valve burning and damage to the insulators and the 
iectrodes of spark plugs. An extensive search was 
‘gun at once for a means of overcoming the diffi- 
iity, and this search led to the discovery that the 
rouble could be corrected by adding to the gasoline 
ong with tetraethyl lead an organic compound of 
romine, or of bromine and chlorine. 

But now it was foreseen that, in order to apply 
that solution in a practical way and on the scale re- 
quired, it would be necessary to search for new 
ources of bromine. The search for a large com- 
mercially available supply of bromine led at last 
to the sea as the only domestic source. But there 
the element occurs in very, very minute concentra- 
tion—in a concentration so minute that 10 tons of 
sea water are required to yield one pound of bromine. 
Nevertheless, in the face of much skepticism, the 
problem of getting bromine out of the ocean was 
attacked with courage and vigor until a practical 
method of extraction was developed. 

A third major obstacle was the fear of lead poison- 
ing. From the outset, it was appreciated that put- 
ting tetraethyl lead into gasoline might possibly 
introduce a health hazard. The first opinions of 
the doctors who were consulted were full of such 
frightening phrases as “grave fears,” “distinct risk,” 
“widespread lead poisoning,’ and the like. But, 
fortunately, extensive investigations conducted by 
the Bureau of Mines and by a committee appointed 
by Surgeon General Hugh S. Cumming of the U. S. 
Public Health Service, led to the conclusion that, 
where its distribution and use are surrounded by 
proper safeguards, there is no hazard to health from 
gasoline containing tetraethyl lead. 

These investigations of the possibility of health 
hazards to users of gasoline containing tetraethyl 
lead, with their gratifying outcome, ended the long 
struggle to solve in a practical manner the primary 
problems relating to the compound as an antiknock 
agent. This did not mean that research in the field 
was finished by any means. On the contrary, an 
immense amount of research has been done by in- 
terested groups since that time, and that research is 
still being pursued in intensive fashion. 

Following the period of work on the chemical 
antiknock agents, research on the influence on 
knock of the structure of fuels themselves was taken 
up in an active way in 1926. Early in the study of 
knock it had been observed that the chemical struc- 
ture of a fuel is the most important factor in respect 
to knocking tendency. Because, from the viewpoint 
of satisfactory and economical utilization in en- 
gines, the value of a fuel does hinge wholly upon 
the structure or architecture of its molecules, the 
investigations in this field have been of the highest 
importance. 

After this program had been pursued for only a 
little while, the wide difference in knocking be- 
havior between normal heptane and isoctane was 
observed, first by Graham Edgar and his associates 
in their search for a better reference fuel for knock 
rating. In view of the large magnitude of the differ- 
ence between these two hydrocarbons, it seemed 
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Bromine recovery—S.S. Ethyl—processing sea water in gulf stream 45 
miles southeast of Cape Hatteras, N. C. 


desirable to concentrate our program on the hydro- 
carbons to see just what the ranges of knocking 
quality are, and to determine in as specific a manner 
as possible how knocking quality relates to chemical 
constitution. 

At first, as a means of reducing to a minimum the 
amount of hydrocarbon required for a test, deter- 
minations of knocking properties were made in 
dilute solutions in a base gasoline. Later on, mea- 
surements were made on the hydrocarbons alone— 
that is, not as before in solutions in a base gasoline. 
In all, the knocking behaviors of about 175 hydro- 
carbons—paraffins, olefins, naphthenes, and aro- 
matics—were measured in these studies, and the 
results published. 

The data as obtained showed not only wide differ- 
ences in knocking behavior, but also a number of 
regular and consistent relationships between tend- 
ency to knock and molecular structure, such as the 
following for the paraffin hydrocarbons: 


1. That tendency to knock increases at a rapid 
rate with lengthening of the carbon chain. 

2. That the addition of side chains raises freedom 
from knock, and the more closely compacted 
the carbon structure, the better. The most 
closely compacted paraffin hydrocarbons are 
very good in degree of freedom from knock. 


This work on the knocking behavior of the hydro- 
carbons was extended by determining also for many 
of them the effectiveness of additions of tetraethyl 
lead for boosting degree of freedom from knock. 
Results showed that the effectiveness of tetraethyl 
lead varies widely, depending upon the structure and 
properties of the hydrocarbon in which it is used. 
It was found, in fact, that degree of effectiveness of 
tetraethyl lead may run all the way from a very high 
positive or knock-suppressing affect to a consider- 
able negative or knock-inducing effect. Fortu- 
nately, effectiveness is highest in the types of hydro- 
carbons that make the best fuels. In respect to the 
part which luck plays in research, by the way, just 
suppose that the first test of tetraethyl lead had 
chanced to be made not in gasoline but in one of 
those fuels in which it is not a knock suppressor! 
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1920 Car in which compression ratio was boosted from 4 to 1 up to 
7 to | 


The results of these studies of the relationship of 
knocking behavior to hydrocarbon structures have 
since been greatly extended and improved under the 
cooperative endeavor begun in 1938 and conducted 
as American Petroleum Institute Research Project 
45. The worth of the knowledge gained from all the 
research conducted in this field during the more 
than 20 years past is so extremely large that is per- 
haps cannot be computed. Through all that it has 
done to stimulate catalytic cracking, polymerization, 
isomerization, alkalation, and other new forms of 
petroleum processing, it has helped to bring about 
the modern revolution in petroleum refining with 
the better products resulting from it. In addition to 
the immense value of the knowledge in peacetime, 
it was of the greatest usefulness in the Second World 
War, when it formed the very Keystone of the high 
octane aviation gasoline program. It has been esti- 
mated, that, in all, 70% of the high-octane aviation 
gasoline used in the Second World War was com- 
posed of hydrocarbons made by synthetic methods— 
hydrocarbons found in these researches to be good 
in degree of freedom from Knock. 

The benefits to be obtained from the use of these 
high antiknock fuels have pointed the way for 
petroleum and automotive engineers in the postwar 
period. When the war came to an end, there re- 
mained a stock of triptane, a hydrocarbon with 
exceptional antiknock qualities, and a convenient 
method of producing more as required. It was the 
availability of triptane which made possible the 
extensive postwar research on high compression 
automobile engines having compression ratios of up 
to 12.5 to 1—engines which, with performance 
matching that of existing automobile engines, have 
been found to give an average increase in miles per 
gallon of at least a third. 

Another important phase of the long research was 
the part of it devoted to learning what could be 
found out about the mechanism of combustion in 
the gasoline engine. Combustion is not an easy 
subject to study, because it takes place inside an 
engine and within the hundredth part of a second 
or less. But with the help of a variety of aids to 





observation—including chemical analysis, inaicator 
diagrams, high speed photography, and the spectro- 
graph—a great deal of valuable information has 
been collected. This information has been of use 
not only to the fuel researcher but also to the engin: 
designer, and is in part responsible for the present 
stage of development of the automobile engine. 

It must be recognized, though, that all these in- 
vestigations of fuels and how they burn in engine: 
although fairly extensive in scope, have not yet 
yielded a thorough understanding of the subject 
They have produced no explanation of why th: 
structure of a hydrocarbon influences the way it 
burns in respect to knocking behavior, of why an 
antiknock agent exerts the remarkable effect it does, 
nor of many other factors. Fact is that we are still a 
long, long way from having attained a complete 
understanding of what happens when fuel burns in 
the gasoline engine. 

The incentive for further research on fuels and 
engines is far greater than merely that of advancing 
the knowledge of the subject. It rests on the base 
of the huge economic gains realized out of the in- 
vestigations conducted thus far, and on that of the 
similar benefits still in prospect. Just since 1930, 
the efficiency of the average automobile engine, 
measured in ton miles per gallon, has been boosted 
by 30% or more. Furthermore, as has been shown 
in recent research on still higher compression auto- 
mobile engines reported above, there is at least an- 
other 30% gain in economy to be had, whenever the 
fuels required for it can be provided in a commer- 
cially practicable manner. And even this is prob- 
ably not the end at all. These are the considera- 
tions which justify the continuation of vigorous 
research on fuels and engines, the quest and con- 
quest which it is the purpose of the Horning Mem- 
orial Award to help stimulate. 








change of program.... 


“Recent Developments 
in Automobile Glass”’ 


—by ROBERT A. MILLER 
Pittsburgh Plate Glass Co. 


This paper will be prepared and presented— 
for the SAE National Passenger Car, Body, & 
Production Meeting, March 14, 15, 16, Detroit 
—by Mr. Miller instead of Dr. G. B. Watkins, 
of Libbey-Owens-Ford Glass Co., as originally 
scheduled. 
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-Operator-Maker Teamwork 


Tailors Diesel to 


Truck Transport 


cerprs From paper’ sy Adrian Curtis and C. N. Guerasimoff 


Operations Manager, 
Garrett Freight Lines, Inc 


ONTINUED cooperative development of the Buda 
6DC-844 diesel engine by Garrett Freight Lines 

and Buda, stemming from actual on-the-road ex- 
perience, reaped the fruits of greater power output, 
better fuel economy, and longer life. 

Back in 1945, Garrett saw need for a larger engine 
with greater power output and stronger back-bone 
to keep up with progress made in cargo truck trans- 
portation, which by then had gained recognition as 
a serious competitor of railroad carriers. In our 
search for an engine of larger displacement and 
longer life expectancy, we learned that in the latter 
part of 1944 the Buda 6DC-844 
naturally-aspirated diesel engine 


Chief Engineer, Engine Division 
The Buda Co. 


Western plains and mountains. 

The first installation was made in November, 1945. 
The engine was found to develop approximately 165 
hp at 1800 rpm at 4000 ft altitude. These engines 
were very consistent in their behavior as far as ne- 
gotiation of grades was concerned. Climbing hills 





* Paper “Pioneering of a Diesel Engine for Highway Cargo Transporta- 
tion,” was presented at SAE National Diesel Engine Meeting, St. Louis, 
Nov. 2, 1949. (This paper is available in full in multilithographed form 
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out what they could do on our r 
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Fig. 1—Torque and brake horse- | 
power of Buda’s 6DC-844 diesel 90 _. 
engine both before and after 
fuel injection pump modifica - 80 
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they would out-perform anything on the road, but 
they definitely refused to display any higher speed 
or riding horse qualifications when it came to pull- 
ing the load on a level road. The engine going up 
hill would normally hang on at around 1650 rpm 
with wide-open throttle, making very little increase 
in speed on a straight-away. 

Thus, the first major problem presented itself in 
pioneering of the diesel for highway truck applica- 
tion. Close cooperative efforts of Buda engineering 


staff and our personnel, working together in the 
field, soon disclosed the necessity of changing engi: e 
torque characteristics to suit highway service re- 
quirements. 

The engine torque, shown in Fig. 1, was well suit: 
for hill climbing and grade negotiating purposed o; 
the iron range, but it proved to be entirely inade 
quate for level operation due to drooping torque 
characteristic. 

The rising torque towards lower engine speeds is 
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Fig. 2—Engine speed range of the 6DCS-844 diesel truck engine. Engine speed remains in the 1475 to 1800- 
rpm range, except for first gear with auxiliary in under position 
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yery desirable of course in such applications as 
novel, drag line, and similar industrial installa- 
ions; but in highway work, higher torque and 
-reater power are needed at the top end, between 
100 and 2000 rpm, for placing at the driver’s com- 
mand maximum power of the engine in any gear 
position to assure equally good truck performance 
on a level road, as well as on the grade. 

Going back to our troublesome torque, we found 
that both Bosch and Demco fuel injection pumps 
were equipped with a device known as torque con- 
trol. This device permits the quantities of fuel in- 
jected per stroke at any speed to be varied, and thus 
allows changing, within the breathing capacity of 
the engine, the power and torque to any desired 
characteristics. In our case some excess power at 
the lower end was trimmed off and an increase in 
torque made at the top end. The revised torque and 
horsepower of the engine appeared then as shown 
in Fig. 1. 

Note that both torque and power have been in- 
creased appreciably at the top end. 

With the installation of a new pump of improved 
torque characteristic, our old work horse displayed 
tendencies of a race track performer coming up 
rapidly after each gear change to 1800 rpm governed 
speed, instead of hanging at 1650 rpm, as was the 
case before this revision of torque was made. 

Operation of the engine in a narrow range within 
the top rated speed for automotive appi:cation is 
desirable not only because it assures better speed 
control and acceleration of a vehicle, but also be- 
cause it increases appreciably the useful life of con- 
necting rods and main bearings. 

This narrow operating speed range at the top end 
has been attained in our trucks through the use of 
an auxiliary transmission in addition to the main. 
The combination of the two resulted in 12 possible 
gear ratios forward so close to one another that, 
with one exception, the theoretical engine speed 
drop is less than 500 rpm. 

Those familiar with the developments of this 
nature will readily appreciate the fact that problems 
encountered very seldom follow one another in an 
orderly fashion. Instead, they have tendency to 
overlap and sometimes to pile up to the discourage- 
ment of engineers and operators. 

In our case, coincidental with torque adjustment, 
another problem connected with altitude operation 
presented some difficulties and required immediate 
attention. 

Our Pocatello-San Francisco line runs accross a 
mountain range between Reno and Sacramento, 
with an altitude reaching 7135 ft at Donner Pass. 
In operating the 6DC-844 engines above 5000 ft al- 
titude, some irregularities in firing and occasional 
misses were reported by our drivers. Careful ob- 
servation and analysis of engine behavior during 
winter months had been made at Donner Pass by 
the engineering personnel of both companies in- 
volved. It had been disclosed that although the low 
compression ratio of Buda engine had been adequate 
to assure proper ignition and smokeless combustion 
at full power below 5000 ft altitude, a higher com- 
pression ratio above this level was desirable to as- 
sure auto-ignition of fuel in rarified air under the 
severe cold conditions at high altitude. 

Ultimately the compression ratio of the engine has 
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been increased from 13.5 to 1 to 14 to 1 with very 
beneficial results. It not only eliminated the cause 
of our original difficulties, but also improved ap- 
preciably the power output and fuel economy. Fur- 
ther investigation of this move disclosed that the 
increased compression ratio has been equally as 
beneficial for sea level operation. The higher com- 
pression ratio has been adopted by the Buda Co. 
as a standard for all future automotive and other 
applications. 

Next you may ask, whether we had any cylinder- 
head cracking problems. Sure we did have and we 
know of no diesel manufacturer in the automotive 
field who has been immune from it. 


Special Iron Prevents Cracks 


Shortage of scrap steel in past years seriously 
impaired the quality of iron in general and particu- 
larly of cylinder head iron, which is called to func- 
tion under severe operating conditions of changing 
temperatures and pressures. The correction of this 
difficulty was not, of course, made over night; but 
it was finally mastered by restorting to directional 
cooling, and the use of low growth heat shock resist- 
ing alloy iron. 

In the course of a year since the original installa- 
tion of the Buda 6DC-844 engine, it became ap- 
parent to us that the backbone of the engine was 
good. The useful life of the main and connecting 
rod bearing was extended much beyond anything we 
had experienced heretofore, and the crankshaft 
Stood up quite well without any failures or excessive 
wear. Some of the accessories, however, displayed 
signs of distress, and the next difficulty we en- 
countered was with the fuel injection pump. 

The engines were delivered to us with a Type B 
Bosch fuel pump with 1l-mm barrels and plungers. 
It was built primarily for 10-mm barrels and plung- 
ers. We found that the walls were too thin for the 
pressures developed, and the barrels would expand, 
permitting the by-passing of fuel. Pump life was 
seldom over 30 days. 

The matter was reported back and the Bosch 
people went to work on this trouble and shortly 
came up with an 11-mm BB type pump capable of 
using 13-mm barrels and plungers and still doing a 
satisfactory job. This pump turned out to be very 
rugged, and you might say it became a “new heart” 
for the engine. 

Loosening of the governor housing plate which is 
used for mounting of the governor was another 
source of annoying trouble and service interruption. 
Poor manufacturing materials which we had in- 
herited as a result of war were responsible for many 
failures of products which were released to the 
market. In the case of the Bosch pump, a very poor 
grade of governor mounting plate gasket was a con- 
tributing factor to loosening of governor mounting. 

A drastic step was taken by the Bosch Co. for cor- 
rection of this trouble. The problem has been solved 
by eliminating this point entirely and making the 
adapter plate an integral part of the fuel injection 
pump housing. 

The original Bosch fuel injection pump of B type 
was made with separate governor mounting plate. 
In the BB type pump, which has been brought out 
as an answer to severe highway truck service, this 
plate is an integral part of the pump body. 
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Abnormally low lube oil consumption of an engine 
is very often regarded by some operators as a must 
requirement in selecting a powerplant for their 
transport equipment. Such a fallacy in thinking 
usually results in wearing out cylinder sleeves, 
piston rings, and very often pistons, due to excessive 
wear of the upper ring groove. Excessive sleeve dry- 
ness has also been found responsible for occasional 
breakage of piston rings. 

The first 6DC-844 engines had been fitted with a 
piston ring set-up originally developed for off-high- 
way service on the iron range and similar applica- 
tions in which the truck operating cycle was of very 
Short duration. Under these circumstances, rapid 
changes of speed, load, and engine temperatures 
are conducive to normal lubrication of reciprocating 
parts. 

The same piston rings in highway truck engines, 
where the engine is called to operate for hours at 
top load and speed, proved to be too drastic. During 
the first few months of operation, we went through 
all the disappointing stages resulting from scant 
lubrication, including piston ring breakage. After 
the existing piston ring set-up had been revised to 
assure more liberal flow of oil, corresponding ap- 
proximately to specific consumption of 0.0015 to 
0.0025 lb per bhp hr, the life of wearable parts was 
greatly increased. 

These major problems were supplemented by 
troubles of a minor nature—such as, oil and water 
leaks, lube oil and fuel line breakage—which have 
been effectively corrected by cooperative team work 
of Buda Co. and our own organization. 

In solution of all our problems, considerable time 
has been saved by direct personal contact of both 
organizations at periodic meetings which were held 
every three to four months, and which served as a 
clearing house for all troubles, minor faults and im- 
provement suggestions. We call these meetings 
“gripe sessions,” where everybody is permitted to 
express his opinion freely in his own language. A 
crescendo of this expression, its full color and force 
is usually reached when a case of some repeated 
failure happens to come up for a discussion. It 
should be understood, of course, that all these dis- 
cussions still are in good American Spirit, and the 
results attained are far more reaching than any 
correspondence and long distance telephone calls 
could ever accomplish. 

It is a paradoxical thought, but any product 
reaching a stage of perfection, where no further 
improvement can be made, is just about ready to 
give room to some other advanced development 
which could continue to roll the wheels of progress. 

Following our motto for continuously improving 
our service and speed of delivery, we could resort 
this time to the use of increased power only for 
the reduction of our time losses in the mountains 
and on the hills. The condition of the roads on 
which our trucks are operating, in our judgment, 
does not permit road speed in excess of 50 mph. 

A new impetus of power has been given to the 
original 6DC-844 Buda Model through the use of the 
Root’s type supercharger. The first 6DCS-844 Model 
of supercharged type was installed on December 1, 
1947. By this time trucks in which these engines 





were installed had trim appearance, reflecting fur- 
ther efforts of better streamlining. 

The type consisting of a tractor and semi-trailer 
is much more flexible and time-saving as far as 
transfer of tractor from one trailer to another is 
concerned. It is gaining considerable popularity 
with our organizations. Operation of this engine 
at higher altitudes gave us indications that again 
an increase of compression ratio was necessary t 
attain the desired performance in the mountain: 

In carrying this improvement through, the main 
combustion chamber and energy cell comprising 
clearance space of the engine should have been de- 
creased in proportioned relation. Unfortunately, 
through an oversight we forgot to make the change 
on energy cells; but this soon came to light by burn- 
ing up, which proved that we had to reduce the 
volume in the energy cells also. This was accom- 
plished by adding 3/16 in. to the air cell plug. 


Engines Last Longer 


This was the making of a new engine. It is 
smooth-running, powerful, and very popular with 
our drivers. We started immediate conversion of 
all our standard Buda motors to superchargers and 
today our 6DCS-844 engines are averaging from 140,- 
000 to 150,000 miles on overhauls. We have some 
engines which have run as high as 194,000 miles 
without overhaul at this time. 

Our rebuilding department’s record shows that 
this latest group of engines exceeds by far the 140,- 
000 to 150,000 miles of our previous average overhaul 
period. 

We are finding less than 0.002 in. wear in cylinder 
walls and less than 0.001 to 0.0015 on crankshaft 
wear. Our fuel pumps are simply being recalibrated 
and reinstalled on the same engines. All of the 
accessories are being rebuilt. Blowers are being 
checked, new seals installed. Pistons are replaced 
or reclaimed with a 5/32 chrome top ring instead of 
the standard 1/8 in. thick. All bearings are replaced 
after this mileage. 

We are cruising our engines at 1800 rpm allowing 
us a controlled tachograph speed of close to 50 mph, 
with the engine speed allowing a windup to 2050 rpm 
for gear changes. 

Fig. 2 illustrates our latest operating engine speed 
range in truck service. With the exception of the 
first gear with the auxiliary in under position, the 
engine speed never drops below 1475 rpm and stops 
at 1800 rpm for a continuous run on a level road. 

The engines are developing approximately 245 
hp at 1900 rpm, transporting gross loads up to 72,000 
lb over the highways encountered in our 3500 route- 
miles in the Western states. We have found the 
engine performance to be splendid, even though 
we operate from sea level points in California, and 
through burning Nevada heat as high as 120 F, over 
summits in excess of 7000 ft and into winter tem- 
perature as low as - 35 F. 

A recent preview of the results of progress made 
by manufacturer and operator as team-mates in 
development of an engine for tomorrow seems to in- 
dicate that we are not only on the threshold of a 
one-quarter million mile powerplant, but also will 
have an engine of considerably greater power out- 
put and sizably improved fuel economy. 
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Lubrication Retention+ Dirt 
Exclusion on Farm Equipment 


per by 


S. C. McCOMBS and 
R. O. ISENBARGE 
hicago Rawhide Mfg. C 

ECAUSE all type of farm machinery 

and implements must stand up 

under extreme usage and usually has 

nadequate maintenance at best, lubri- 

cant retention, and dirt exclusion from 

moving parts is most important to 
equipment builders. 

The farmer will wash, polish, grease, 
and have his car repaired, without too 
much complaint, but is unhappy about 
repairs and parts replacements on his 
tractor and other farm equipment de- 
spite the abuse to which this machinery 
is exposed to day in and day out. 

Sealing units discussed in this paper 
are applied to these farm equipment 
mechanisms: 

Track rollers and idlers, final drive, 
bull pinion, side delivery rake bearings, 
front and rear wheel bearings, axle 
shafts, transmissions, hydraulic con- 
trols, harrow and plow disc bearings, 
steering mechanisms, engine applica- 
tions, Magnetos, water pumps, power 
takeoffs, cylinder bearings, draper roll 
bearings, idler pulley bearings, and 
coulters. 

Two types of sealing devices are 
generally used. Most widely used is 
the shaft or radial type of lip seal, and 
the other is the axial or face-type seal. 
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Fig. 1—Design of single sealing element units. 
A, conventional type with sealing member di- 
rected toward element to be sealed within or 
out of the mechanism, depending upon impor- 
tance. Coil spring provides tension against 
packing. B, simple non-loaded seal, requiring 
little housing space. This has leather packing. 
C, similar to A, but with stamped finger spring 
instead of coil spring to exert tension. D shows 
external expansion type seal, particularly useful 
for front wheels and where assembly of the 
internal, shaft type seal is difficult to install. 
Either open coil spring or lap joint ring ex- 
pander is used, the latter preferable for farm 
equipment. , unitized, simple felt washer, 
steel encased, for slow speeds. F, non spring- 
loaded seal with synthetic rubber element, 

similar to B 
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Fig. 2—Generally accepted dual seal types with 
two or auxiliary packing elements. A, auxiliary 
non spring-loaded included to assembly direct- 
ing primary seal toward lubricants within the 
mechanism and _ provides added _ protection 
against dirt. B, both sealing elements in 
tandem to augment sealing of primary element, 
but provides less protection against dirt than 
A. C, another variation of A. Primary spring- 
loaded element of leather and auxiliary of syn- 
thetic rubber with unit installed with elements 
toward dirt to be excluded was used on Army 
tank bogie wheels. D, substantial felt washer 
acts as dirt excluder. E, dual opposed seal 
unit with both elements spring-loaded. Con- 
siderably more axial housing space is required 
than on other types. F, similar to E but with 
elements operating in tandem. Considerable 
axial space required 


Shaft or radial seals are unitized 
packaged devices consisting of a flexi- 
ble leather or synthetic rubber sealing 
element with the packing element 
spring loaded and assembled within 
its own metallic retainer. Synthetic 
rubbers are sometimes bonded. 

This unit is assembled into the ma- 
chine housing by a press fit, and oper- 
ates in friction, stretch-fit relationship 
with the shaft, hub, or spindle to be 
sealed. Various constructions of the 
more popular types having a single 
sealing element are shown in Fig. 1 
and Fig. 2 shows dual types widely 
used. 

Standardization work is underway 
in an attempt to eliminate some of the 
types in use. To date, however, avail- 
ability of a wide variety has per- 
mitted flexibility in equipment design 
of equipment. 

Leather seals are far more widely 
used than those of synthetic rubbers 
because the latter were developed dur- 
ing and since the early days of World 
War II. At the present stage of de- 
velopment leather seals appear to be 
more reliable for farm equipment than 
synthetic rubber types, although rapid 
strides are being made with the newer 
materials. 

Synthetic rubber seals will stand 
about 50 F higher temperatures than 
leather’s maximum of about 225 F. 
Synthetics seals low viscosity lubricants 
better, and can be molded and shaped 
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Fig. 3—Self-contained diaphragm of synthetic 
rubber in end face seal gives added protection 
against dirt over shaft or lip types shown in 
Figs. 1 and 2. Functions despite shaft runout, 

eccentricity, or end play 
better than can leather. Synthetics 
usually have longer life than leather, 
but must have smoother shafting. 

However, synthetics tend to adhere 
to the shaft or hubs during long periods 
of idleness. In some cases, where 
bonded construction is desired, this is 
an advantage of the material. Leather 
seals are not so critical to install, and 
absorb and redistribute lubricants 

Where dirt exclusion is extremely 
important more expensive seals must 
be used. A self-contained diaphragm 
seal is shown in Fig. 3. 

There are numerous types of adapta- 
tions of this design, and for this reason 
and because of the rapid development 
of seals, equipment design engineers 
should discuss their problems with seal 
industry engineers both as to the type 
to choose and on important points of 
installation. (Paper “Lubricants Re- 
tention and Dirt Exclusion on Farm 
Implements” was presented at the 
SAE National Tractor Meeting, Sept. 
14, 1949, in Milwaukee. This paper is 
available in mimeographed form from 
SAE Special Publications Department 
Price 25¢ to members, 50¢ to non- 
members.) 


New Economy Added 
To Antidetonant 


A. T. COLWELL 


Thompson Product 


ECENT and important § design 

changes in the Vitameter, a device 
to inject antidetonant fluid of alcohol- 
water-tetraethyl lead, appreciably re- 
duces consumption of fluid, known as 
Vitane. 


The manifold and vacuum venturi 














leads are fitted with calibrated orifices 
which determine the engine speed and 
manifold vacuum combinations at 
which the anti-detonant flow is shut 
off, Fig. 1. 

At full throttle and low engine speed 
both the manifold vacuum and venturi 
vacuum are too low to close the device’s 
valve against the calibrated spring 
pressure. As the engine increases in 
speed, the venturi vacuum is finally 
great enough to close the Vitameter 
valve although the manifold vacuum 
remains low, thus reducing the amount 
of fluid used. 

How the octane requirement drops 
with high intake manifold vacuums is 
shown in Figs. 2 and 3. 

A test of 67 Plymouth taxicabs, oper- 
ated by the Yellow Cab Co., Cleveland, 
showed that the use of the fluid was 
4% of the straight-run gasoline of 58 
octane number. The mixture con- 
tained 85% methyl alcohol, 15% water, 
and 3 cc lead per gallon. 

Maximum rate of fiuid injection was 
15% of gasoline by volume which 
added 19 octane numbers. After 2% 
months of operation the lead content 
was changed to 0.5 cc per gallon, mak- 
ing the octane number 62.6 by the Re- 
search Method. 

Improved Vitameters with smaller 
jets were installed to give a maximum 
injection rate of 9% for the taxicabs, 
and 14% for the 23 Cadillac, Chrysler, 
and Packard airport limousines. The 
total use of Vitane for the new com- 
bination was 2.06% of the gasoline con- 
sumed. 
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SPEED-MILES PER HOUR 
Fig. 2—How octane requirement drops from 86 to 75 at full throttle, 
and from 84 to 55 at 45% throttle for a speed increase from 10 to 
50 mph. Data from 1939 car, spark set for maximum economy 


In January, 1948,  carburetor- 
mounted Vitameters were installed on 
several buses operated in Akron. One 
type used 5.1% of the liquid by volume 
of gasoline with a maximum injection 
rate of 12%. Another type used 6.9% 
for a maximum rate of 12%. Both 
used straight-run gasoline. This rate 
of injection is high and must be offset 
with appreciable maintenance savings 
to be economical at present prices. 


MAIN DISCHARGE JET 









AUXILIARY VENTURI \ 


AIR BLEED 


DIAPHRAGM | 
SHUT-OFF VALVE x 





| METERING 
' Jer 

DIFFERENTIAL VACUUM | ; 
TO DIAPHRAGM ts 






Soy INLET: MANIFOLD — 


% be ee 
Be oe ed 


- tnt 


VACUUM 
ll <“ POWER PISTON 


eee. 

iy ‘ 
BY-PASS POWER JET 
MAIN METERING JET 


SS PRIMARY VENTURI 
iB ee VENTURI ORIFICE 
{ a WM GASOLINE 


WH vitane 





4 % : 


= 
ORIFICE 
Ff tS ' 
a ea POC RR ae 


64 


VACUUM 


Due to the cleaner engines resulting 
from using straight-run gasoline, time 
between overhauls was extended and 
better oil consumption was obtained. 
However, the nationwide supply of 
straight run gasoline is limited; but 
where available it is an excellent opera- 
tion. 

Atlantic Refining Co. ran a year of 
tests with 188 trucks and tractors of 
various sizes and makes beginning 












Fig. 1—Cross-section of dif- 

ferential control Vitameter, de- 

signed to use less antidetonant 
fluid 
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from July 1, 1947. Truck miles totaled 
2.7170,096. The liquid was a 50-50 mix- 
ture of isopropyl alcohol and water, 
and 6.1% of this fluid was used to 
gasoline. 

All tests run so far indicate no in- 
crease in engine wear, no detrimental 
effect on oil or lubrication, warmup 
time was not increased, and starting 
was not affected. 

These tests indicate that vehicles 
with power-to-weight ratios equivalent 
to passenger cars find the current Vita- 
meter an economical source of anti- 
knock quality. Vitane consumption 
runs about 2% of gasoline for maxi- 
mum injection rates of 10 to 15% 

Another test with two 1949 Chevro- 
let Loadmasters, of 27,850 lb gross 
weight, showed an average of 1.54% 
Vitane consumption with the new de- 
sign of Vitameter, set to add 13 Re- 
search octane numbers to the house- 
brand fuel used. 

The device has proved to be valuable 
in passenger car service in which en- 
gine deposit and other factors have 
increased their octane requirements. 
An Oldsmobile with a 10 to 1 compres- 
sion ratio is being operated satisfac- 
torily with a Vitameter with premium 
fuel. The peak engine requirement is 
about 100 octane number. 

Power-to-weight ratio and engine 
operating speed determine the economy 
of octane numbers furnished by the 
Vitameter. Both the old and new de- 
sign are suitable for high power-to- 
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Fig. 3—Octane requirement 
drops from 80 to 65 at full 
throttle, and from 71 to 57 
at 5 in. hg manifold vacuum 
when speed is increased 
from 25 to 60 mph, 1948 8- 
cyl, 7 to 1 compression 
ratio automobile 
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weight ratio vehicles, and the new unit 
gives satisfactory Vitane consumption 
rates for all vehicles operating most 
of the time in the upper engine speed 
ranges. (Paper “Anti-Detonant In- 
jection from the Fleet Operator’s View- 





Lab Oil Test Engine 
Saves Time and Costs 


Based on paper by 


M. R. CLAPP 
and J. L. PALMER 
The Lubrizol Corp. 


HE Buda 1BD-38 diesel, Fig. 1, is a 

compact and rugged single-cylinder 
engine well suited for oil testing, par- 
ticularly for evaluating the detergent- 
dispersant characteristics of com- 
pounded motor oil. 

This laboratory test engine can be 
used as a screening device for the 
Caterpillar 1-A and 1-D engines be- 
cause: 

1. Test results have shown reason- 
able correlation. 

2. The Buda test costs only about 
one-fifth that of the Caterpillar 1-A 
or 1-D tests. 

3. The Buda test takes less than one- 
quarter the time for the Caterpillar 
tests. 

To evaluate the Buda engine’s sensi- 
tivity to oil. type, a series of runs was 
made in which four different classes 
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Fig. I—The Buda 1BD-38 
single-cylinder diesel engine is 
shown here installed on a stand 
as an oil test unit. The engine 
has a 3 7/16-in. bore, 4%-in. 
stroke, and displaces 38 cu in. 
It is rated at 7.5 bhp at 1800 
rpm and has a 15.3 to 1 com- 
pression ratio. Its cylinder is 
of the wet sleeve type 


of oil were evaluated for 
their effects on engine clean- 
liness. Test results are plot- 
ted in Fig. 2. 

The base stock for all of 
the oils tested was a 90 VI, 
solvent-extracted mid-con- 
tinent material.in the SAE 
30 grade. The different oil 
classifications were obtained 
by varying the additive treat- 
ment. Except for the base 
oil tests, each of the points 
plotted represents an average 
value from two or more runs. 

These data indicate that 
the Buda engine, when used 
as an oil testing device, can 
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point” was presented at SAE National 
West Coast Meeting, Portland, Ore., 
Aug. 15, 1949. This paper is available 
in full from SAE Special Publications 
Department. Price: 25¢ to members, 
50¢ to nonmembers.) 
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Fig. 2—Tests of piston cleaniness merit rating versus oil 
classification shows that the Buda engine is sensitive to the 
effects of motor oil detergent-dispersant ability 


differentiate between major oil classes 
with respect to their relative abilities 
to maintain diesel engine cleanliness. 

In tests to check the reproducibility 
of the Buda engine procedure, about 
the same degree of reproducibility was 
obtained as with the Caterpillar 1-A 
and 1-D tests. 

Available data on directly compara- 
ble Buda and Caterpillar tests (same 
oil and fuel used) show acceptable cor- 
relation of results. See Tables 1 and 
2. These tabulations show the Cater- 
pillar test ratings at both 120 and 480 
hr. Obviously the Buda test results 
correlate more closely with the 480-hr 
than the 120-hr Caterpillar test rat- 
ings. 

The Buda versus the 480-hr Cater- 
pillar ratings are plotted in Fig. 3. 
Taking into consideration the test re- 
producibility factor in each engine, the 
degree of correlation indicated in Fig. 
3 is certainly good enough to permit 
use of the Buda engine as a screening 
tool for the final Caterpillar test evalu- 
ation. 





Table 1—Comparison of Test Results from Buda 
and Caterpillar 1-A Engines 


Piston Cleanliness Merit Ratings 
Buda 


Test (2.4 lb/hr Cat 1-A 
Oil Fuel Rate) 
100 120 480 
Hours Hours Hours 
(0.2% Sulfur Fuel) 
A 78.2 89.6 79.2 
B 65.9 90.3 65.9 
Cc 73.7 94.5 80.0 
D 91.1 96.8 91.2 
E 85.0 97.6 97.4 
(1.0% Sulfur Fuel) 
F 87.0 97.1 89.8 
G 79.1 98.5 88.7 
H 89.8 92.9 92.2 
I 83.3 92.8 91.3 
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Fig. 3—Results from the Buda and Caterpillar oil test engines 


In evaluating the comparative cost 
of the Buda test, it is realized that the 
average cost of any test will vary con- 
siderably from one laboratory to an- 
other, including the bookkeeping sys- 
tem used. But the relative comparison 
in Table 3, based on costs in one labo- 
ratory, should be about right. 

While the versatility of the Buda 
engine as a testing tool has not been 
fully explored, there is evidence that 
it could be used to evaluate fuel-clean- 
liness quality. In one particular case 
the Buda engine was successfully used 
as a screening device for a bearing cor- 
rosion investigation in the GM two- 
cycle diesel engine. The problem arose 
from the fact that a certain type of 
experimental additive compound badly 
corroded copper-lead bearings in the 
GM 3-71 engine, but did not corrode 
bearings in the Chevrolet L-4 test— 
even when the L-4 test was increased 
from 36 to 72 hr. 





Table 2—Comparison of Test Results from Buda 
and Caterpillar 1-D Engines 
Piston Cleanliness Merit Ratings 
Buda 


Test (2.9 lb/hr Cat 1-D 
Oil Fuel Rate) 

100 120 480 
Hours Hours Hours 

(1.0% Sulfur Fuel) 
D 84.4 88.5 85.3 
J 83.0 94.1 87.3 
K 86.7 92.3 83.6 
L 87.6 93.5 90.4 
M 85.7 88.5 75.0 


correlate fairly well 


It was found that this severe bear- 
ing corrosion phenomenon, associated 
with the experimental additive com- 
pound, could be produced in the Buda 
engine by raising the oil temperature 
to 275 F. This procedure then was 
used to appraise the effectiveness of 
modifications in the additive. 

The Buda engine also has displayed 
good mechanical durability in oil test- 
ing service. From 1000 to 3000 hr of 
testing have been accumulated on each 
of six engines used as oil test units. 
During this period mechanical diffi- 
culties with the engines have been 
negligible. 

Although some injector nozzle tip 
fouling has been experienced, fouling 
can be readily detected by the control 
system so that the engine does not 
operate long with faulty combustion 
conditions. And the injector nozzle 
can be replaced in the engine in a few 
minutes, so that maintaining several 
spare nozzles takes care of the problem. 
(Paper “Small Single-Cylinder Engine 
Test for the Evaluation of Compounded 
Motor Oils,” was presented at the SAE 
National Fuels & Lubricants Meeting, 
St. Louis, Nov. 3, 1949. This paper is 
available in full in multilithographed 
form from the SAE Special Publica- 
tions Department. Price: 25¢ to mem- 
bers, 50¢ to nonmembers.) 





Table 3—Comparative Cost of Buda Test 


Test Relative 

Test Engine Cost per 
Hours Test 
Buda 1BD-38 100 100% 


Caterpillar 1-A,1-D 480 500% 
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How Chrome-Plated 
Piston Rings Are Made 


1 on paper by 
ARTHUR M. BRENNEKE 
Perfect Circle Cory 


HROME-PLATED rings cost more 

than unplated rings for the same 
reason that any hardened part is ex- 
pensive, and not so much because of 
the plating. Essentially they have to 
be made twice—before plating and 
again after plating. Rings heat- 
treated to 50 Rockwell C could not cost 
much less. 

Rings are plated in a standard bath, 
such as is normally used to produce 
chrome plate in the bright range. 
Fig. 1 shows several racks of rings 
which have been plated. Current 
densities are used which deposit 
chrome at the rate of about 0.001 in. 
per hr. 

Solid chrome, with which all of our 
rings are plated, require extremely 
good initial face accuracy since initial 
wear rate is no higher than the ulti- 
mate. Up to 0.0003 in. maximum 
face inaccuracy is permitted with un- 
plated rings; but if a face error ex- 
ceeds 0.0001 on a solid-chrome plated 
ring, run-in will be much too slow. 
This accuracy requirement is met by 
lapping the ring faces. 

We plate most of our rings to a 
thickness of 0.004 to 0.007 in. One 
car manufacturer orders rings from us 
with 0.0025 minimum plate thickness 
for economy. But the saving is slight, 
only 10%. For some heavy-duty 
equipment rings are plated to 0.008 in. 
minimum thickness. Thickness greater 
than the 0.004 to 0.007-in. range builds 
up deposition inaccuracies sufficiently 
to necessitate plating on more than 
0.010 in. of chrome, and then grinding 
the OD of the rings after plating. 

Finish on the ring before plating 
largely determines the final finish of 
chrome-plated rings. 

The enlarged cross-section of an 
automotive chrome-plated ring in Fig. 
2A shows that the plate faithfully 
duplicates the tool marks. An average 


Fig. 1—Racks of pis- 
ton rings which have 
been chrome plated 


of 0.0013 in. deep, these tool marks 
serve a definite purpose. First, they 
provide an interrupted surface of max- 
imum scuff resistance. Second, such 
surface minimizes the amount of lap- 
ping required to finish the ring. Most 
of these automotive rings are made in 
torsionally twisted designs in 3/32 in. 
widths for oil economy and to facili- 
tate run-in. 

Thread finish imposes a 15% penalty 
on initial oil economy, tolerable in most 
applications. In some uses where this 
is not so, it is necessary to use a 
smooth finish, as shown in Fig. 2B. 
This is typical of rings with a smooth 





tooled finish or a ground surface under 
the plate. 

It is our standard finish for taper 
face rings. Taper face or plain face 
compression rings usually are used 
when 4¥-in. or wider rings having SAE 
radial thickness are used on aluminum 
pistons. Ring groove wear would be 
excessive in such applications if the 
torsionally twisted design were used. 

The rings in Fig. 2 are typical of all 
chrome-plated rings, except for the 
flash type, as regards OD corner de- 
sign. Considerable doubt and mis- 
understanding exists as to the purpose 
and effect of this feature. Ring cor- 


Fig. 2—Cross-section in “A” is of a chrome-plated ring with threaded finish, desirable for scuff re- 


sistance. 


Where the penalty on initial oil economy of the threaded ring cannot be tolerated, a smooth 


tooled or ground finish is used under the piate, as in “B” 
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ners are chamfered before plating 
solely to prevent the plate from bridg- 
ing from one ring to the next and to 
prevent the plate from “treeing”’ on the 
ring corners. 

The chamfer, as reflected in the 
finished chrome facing, does not affect 
performance, provided the final face 
lapping operation is done right so that 
the approach angle of the ring face to 
the cylinder is great enough to prevent 
oil from wedging past the ring face. 
This came as a shock to us after believ- 
ing for many years that piston-ring 
corners should be sharp and square 
for good oil control. 

Currently there is considerable inter- 
est In so-called “flash chrome” plated 
rings. As their name implies, they 
have a flash of chrome plate, usually 
in the range from 0.0001 to 0.0008 in. 
The rings are otherwise-normal un- 
plated rings, without the usual extra 
precision operations necessary for the 
standard 0.004 to 0.007 plate thickness. 

Present interest in such rings is for 
scuff prevention at a minimum cost 
penalty. Such rings have been suc- 
cessful for this purpose experimen- 
tally; but only when flash-plated rings 
are produced and used in quantity will 
questions be answered as to: (1) the 
scratching effect of unfinished chrome 
plate on cylinders, and (2) how normal 
ring inaccuracies of as much as 0.0003 
in. will affect initial oil control. 

As for chrome-plated rings in gen- 
eral, their wide adoption solely for 
elimination of scuffing speaks well for 
their effectiveness in this respect. The 
rate at which industry adopts a new 
development is always a good index of 
its effectiveness and also indicative of 
manufacturing efficiency and cost re- 
duction. Fig. 3 is a chronological list- 
ing of engine builders to whom we are 
supplying chrome-plated rings. 

It is also remarkable that in our ex- 
perience chrome-plated rings have 
never been dropped from an engine 
which has remained in production. 
(Paper “Chrome-Plated Piston Rings 
—Design and Application,” was pre- 
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Fiz. 3—Engine builders which Perfect Circle 
supplies with chrome-plated piston rings and 
when these companies started to use them 


sented at SAE Williamsport Group, 
Oct. 3, 1949. This paper is available 
in full in mimeographed form from 
SAE Special Publications Department. 
Price: 25¢ to members, 50¢ to non- 
members.) 


Cultivating Methods 
Redesigning Tractor 


Based on paper by 
S. D. POOL 


International Harvester Co. 


EW cultivating methods presage 

changes in tractor design to accom- 
modate implements the farmer must 
use and jobs he must do. 

For example, present tractors are 
poorly designed for carrying large 
tanks for flame cultivating, spraying, 
soil, fumigation, and liquid fertiliza- 
tion. These 100-gal, 800- to 1100-lb 
tanks are generally carried behind the 
operator’s seat between the _ rear 
wheels, greatly increasing the tractor’s 
tendency to turn over backwards. 

Tractor engineers might also con- 
sider moving the operator forward 
from the cantilevered position, from 
which he leaned further back to man- 
age controls of trailing implements. 
General acceptability of hydraulic 
controls make this feasible. 

Also advisable is a high driver seat 
—perhaps a “cab-over-engine” tractor 
design—to keep the operator above 
field dust and poisonous chemicals 
which he sprays. This would give him 
better visibility and leave room above 
the tractor rear axle for carrying 
heavy loads, such as spray and soil 
fumigant tanks. 

Flame cultivators provide another 
argument for centering the tanks or 
placing them above the axle. Burner 
and burner supports must be carried 
well to the rear of the tractor to pre- 
vent overheating both tractor tires 
and driver. This rear-mounted load, 
added to the tank load, increases the 
tractor’s tendency to rear up. 

To facilitate various spraying jobs, 
the tractor designer may also have to 
find room for a spray pump, as he did 
for the hydraulic pump. Weed con- 
trol and insecticide spraying often is 
done as a dual operation with planting 
and cultivating, so that it is hard to 
find space for the spray rig and front 
and rear cultivator and/or planting 
and fertilizing mechanism. A built-in 
pump would ease this problem. 

Insecticide spraying of cotton and 
ear worm control of corn also chal- 





lenge tractor design since the spraying 
is done after the crop has grown well 
above the tractor’s row-crop clearance. 

Two solutions seem possible. First 
is a tractor that shrinks to a width 
that will pass between the rows, with 
the spraying mechanism mounted 
across the rows from a post on the 
tractor. 

Second answer is an increase in 
tractor clearance up to the 80 in. gen- 
erally required for corn detasseling. 
Slight tractor construction changes 
would help in mounting tractors on 
legs which extend the tractor wheels 
well below the tractor. 

Such machines are operating satis- 
factorily. The wheels are spread 
across several rows to give some sta- 
bility to the stilted construction. 
(Paper “New Cultivating Methods,” 
was presented at SAE National Trac- 
tor Meeting, Sept. 15, 1949. This pa- 
per is available in full in multilitho- 
graphed form from SAE Special Pub- 
lications Department. Price: 25¢ to 
members, 50¢ to nonmembers.) 


How Gas Turbines Erode 
Told by Sand-Dust Tests 


Based on paper by 


J. E. DeREMER 
Air Materiél Command, USAF 


ESTS injecting sand into the air inlet 

of a J-35-A-15 gas turbine in a YF-84 
airplane pointed up the need for pro- 
tecting gas turbines in desert opera- 
tions. 

This Air Materiel Command test was 
set up, as shown in Fig. 1, to duplicate 
actual operating conditions as closely 
as possible. General test procedure was 
to operate the engine in the airplane 
on a power schedule that is followed 
from start, to take-off and climb, and 
from approach to landing and shut 
down. Assuming a 0.03 g per cu ft 
dust concentration at the aircraft en- 
trance during all these conditions, dust 
weight flow per unit of time ingested at 
each power condition was calculated. 





Table 1—Conditions for Each Test Run 


Total 

Engine Condition Time Sand 

Idle 1 min 336 g 

Taxi—60% rpm 4min 3240g 

Take Off—100% rpm Iimin  1620g 
Approach—Land— 

Taxi—60% 4min 3240¢g 
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he conditions used in each run are ali ai Nasal a — 
shown in Table 1. Flow Control valve —, 

The schedule was followed, with par- ; 
ial engine disassembly after four and Secondary Measured Quantity of Dust 
15 runs, which showed progressive Dust Mixing Tube 

rosion, but no serious wear. After 26 
runs were completed, bearing failure 
yecurred. The engine was removed, 
completely disassembled, and inspected. 
These effects were noted: 

a. Bearing air filters were severely 
clogged with sand and dust, as shown 
in Fig. 2. Cause of the bearing failure 
was not clearly the result of clogged 
filters since all the filters were clogged 
and all the bearings, except the one 
that failed, indicated no impending 
failure. Air flow checks on the clogged 
filters showed considerable air flow still 
available. 

b. Erosion was apparent in all stages Fig. 1—Set-up for injecting sand and dust into the J-35 gas turbine inlet in Air Materiel Com- 
of the compressor, more extensive in mand tests. The low pressure region at the aircraft air inlet produced airflow through both 
the ninth, tenth, and eleventh stages, ™*ing tubes. Turbulence produced in the large tube distributed the dust over the entire air- 
most extensive in the seventh stage craft air entrance, simulating natural conditions without auxiliary powerplant equipment 
b rotor. 

c. Leading edges of the midframe 
islands were eroded. 

d. The starter-generator unit con- 
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Fig. 2—Bearing air filters of 
the J-35 gas turbine after 
the sand test program 
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tained considerable sand and dust and 
the commutator and brushes were 
eroded. 

e. Compressor lands showed some 
pitting on the top half, quite extensive 
pitting in the Nos. 3 and 4 stages. 

f. Certain portions of the aircraft 
duct wall were mildly corroded. 

g. All other engine components 
showed little or no corrosion. 

After 26 runs were completed, about 
474.5 lb of sand and dust had passed 
through the engine. On the basis of 
3 hr per flight, this would equal 78 hr 
engine time. Effect on thrust and 
specific fuel consumption indicated by 
a calibration run is illustrated in Figs. 
3 and 4. This run is compared to the 
factory calibration run and a calibra- 
tion before the dust test. 

These data as well as those from an 
accelerated sand test at Eglin Field in- 
dicate that aircraft gas turbines are 
not immune to sand and dust. Any 
protective measure to remove sand and 
dust from the intake air seems hopeless 
at this time because turbine perform- 
ance is so dependent on maximum inlet 
duct efficiency. 

Most feasible approach seems to be 
the use of highly erosion-resistant ma- 
terials in the critical engine areas, such 
as the compressor. Aircraft designers 
also should consider locating duct en- 
trances in lower dust concentration 
areas or use of flash-type entrances 
that would somewhat alleviate the 
problem. (Paper “Sand and Dust Ero- 
sion in Aircraft Gas Turbines,” was 
presented at SAE National Aeronautic 
Meeting, Los Angeles, Oct. 6, 1949. This 
paper is available in full in multilitho- 
graphed form from SAE Special Pub- 
lications Department. Price: 25¢ to 
members, 50¢ to nonmembers.) 


Paths to Better 
Engine Lubrication 


A. T. COLWELL 
and A. L. POMEROY 


Thompson Products, Inc 


ECENT design and metallurgical ad- 

vances in valves, pistons, piston 
rings, and cylinder sleeves offer ways 
of improving engine lubrication. 

Certain additives in compounded 
oils, for example, produce deposits that 
shorten valve life. The trend toward 
higher percentages of additives in 
heavy-duty oils may aggravate the 
problem. As Fig. 1 shows, valve rota- 


tion contributes much to- 
ward solving this problem. 
Another problem is oil 
deterioration, particularly 
valve sticking, stemming 
from high valve tempera- 
tures. Of the _ several 
routes to cooler valves, 
sodium cooling stands out 
as the most effective. 
Selective cooling of 
valve seat inserts repre- 
sents another method of 
improving lubrication per- 
formance. Nonuniform 
cooling can rapidly stress 
both engine parts and the 


Fig. 1l—Tests with 

compounded oils show 

that valve rotatation 
extends valve life 
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Fig. 2—Methods of sealing valve tips for metering the right amount of oil to valve stems 





Fig. 3—The U-Flex oil control ring conforms to out-of-round bores and boosts oil mileage 
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‘bricant. High temperature gradi- 
nts distort seats, which in turn im- 
air heat transfer from the valve head. 

The net result is overheating with 
ventual oil deterioration and deposit 
cumulation. 

Reliable means of controlling the 
1mount of oil supplied to valve stems 
ire essential to good engine design. 
roo much oil at this point leads to 
high oil consumption and deposit for- 
mation; too little oil scuffs stems and 
wears out guides. 

The problem is usually one of meter- 
ing oil to the valve stem, which can 
be done in several ways, as shown in 
Fig. 2. 

A new oil control principle, which 
zives high mileage without starving 
the cylinders, is embodied in the steel 
U-Flex piston ring, shown in Fig. 3. 
This ring is made longer than the bore 
circumference, so that when it is in- 
stalled, the ends butt together. The 
slots between each U-segment are com- 
pressed, which makes the ring exert 
a uniform pressure against the cylin- 
der wall. 

This gives superior oil sealing prop- 
erties. Ring flexing in operation tends 
to extend considerably the time of 
plugging, particularly with generous 
oil drainage area. The flexibility also 
allows the ring to conform to out-of- 
round bores. The tiny slots meter a 
controlled quantity of oil to the upper 
rings and cylinder walls. To get this 
control, the ring is designed for each 
engine since slot width can be varied. 

Another piston-ring design, the 
chrome plated cast-iron type, shows 
superior wear resistance as well as 
appreciably lower bore wear. 

High piston-ring and bore wear 
seems to go hand-in-hand with high 
oil consumption. Tests indicate that 
wear increases as piston-skirt clear- 
ance goes up. (See Fig. 4.) This in- 
creased wear appears to be a function 
of piston slap. Holding minimum 
clearance over a wide range of opera- 
tion is becoming more acute in the 
light of higher specific outputs. 

Wider use is being made of con- 
trolled-expansion pistons to maintain 
close clearance. The Autothermic pis- 
ton and the belted piston are two ap- 
proaches to the problem. 

In some cases piston seizures have 
been reported with supercharged diesel 
engines. A serrated finish on the rub- 
bing surface has helped this condition. 
The knurled finish provides tiny val- 
leys or reservoirs for oil, which help 
lubricate pistons, rings, and bores. 
Fig. 5 shows a Cummins diesel piston 
of this type designed by Zollner. 

Severe ring-land wear has been 
noted in some heavy-duty, high-speed 
engines with aluminum pistons. One 
remedy for this is a bimetallic piston 
with a ferrous metal ring carrier which 
is cast in place or mechanically at- 
tached to the aluminum piston. 

Cylinder bore wear also has plagued 
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PISTON SKIRT CLEARANCE PER INCH DIA- INCHES 


Fig. 4—These test data reveal that increasing piston skirt clearance induce higher wear rates 
in cast-iron cylinder liners 


Fig. 5 — Knurling piston 

finishes helps prevent pis- 

ton seizure in supercharged 

diesels by improving lubri- 
cation 


oil men, with the scuffing, abrasion, 
and corrosion having as a corollary 
piston and ring trouble. Much work 
has been done on cylinder wear—in- 
terrupted surfaces, kurling, coatings, 
platings, nitriding, and special materi- 
als—although no satisfactory solution 
has emerged. 

A new development which shows ex- 
ceptional promise is the Bramberry 
Characterized Liner. A “character- 
ized” pattern is cut into the sleeve. 
It consists of two sets of helical grooves 
cut in opposite directions, as shown in 
Fig. 6. Each groove has a “V” sec- 
tion and is 0.005 in. deep, 40 to the 
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inch; the grooves in each set are paral- 
lel to each other. This forms a com- 
pletely interconnected network of 
grooves and leaves an arrangement of 
diamond-headed plateaus on the bore 
face. 

The grooves are filled with a car- 
bonaceous material, held firmly in the 
grooves by a bonding agent. A coating 
then is sprayed on the interior sleeve 
surface to give protection during run- 
in. 
Field tests to date show the Bram- 
berry liner to have impressive resist- 
ance to wear and corrosion. Since 
the diamond heads are isolated from 








ee | 








Fig. 6—The characterized pattern in the Bramberry sleeve (magnified here about 19 times) is 
a promising lubrication aid. Oil is held by the filler material in the grooves. The diamond heads 
prevent spread of local hot spots 





each other, a hot spot developing at 
one location does not spread. The 
carbonaceous filler retains the lube 
oil, somewhat like self-lubricated parts. 
The combined forces of capillary ac- 
tion and surface tension spread a thin 
oil film over each diamond head. This 
constantly lubricates the cylinder sur- 
face using a minimum supply of oil, 
and undoubtedly inhibits corrosion of 
the metal. 

White Motor Co. tests show the 
characterized sleeve to be exceptionally 
beneficial for low-temperature start- 
ing, while in other tests it gave good 
protection against scuffing and abnor- 
mal wear. These results from a 
limited number of tests have created 
interest in fully evaluating the design 
for both original equipment and 
service. 

Ethyl Corp. has found that knurling 
cylinder bores of some engines greatly 
reduced bore wear, particularly in re- 
spect to bell-mouthing. Knurling also 
facilitates break-in; but for quick 
break-in, it was used in conjunction 
with Lubrite and Surfide type surface 
treatments. 

Porous chrome plating in marine 
service has showed one-quarter the 
sleeve wear of cast iron. But the proc- 
ess is expensive and limited for com- 
mercial use. Monochrome, Ltd. has 


Fig. 7—Interrupted surface 

of the Monochrome chrome- 

plated liner has good wear 
resistance 


developed a chrome plating process 
which forms circular pits in the plat- 
ing to provide an interrupted surface. 
See Fig. 7. Tests have shown un- 
usually good resistance to wear, but 
again cost has been a limitation. 

Tests on austenitic materials for 
liners showed considerable improve- 
ment in bore wear, but added cost has 
discouraged its use. In one test, short 
austenitic sleeves about 1 to 1% in. 
long were shrunk into the top of a 
cast-iron bore, and the cylinder then 
was bored to size throughout its entire 
length. The material was 15 nickel, 
6 copper, and 2.5 chromium. Top bore 
wear was reduced 50%. 

In addition to these several design 
specifics, the engineer can help the oil 
technician by attention to other en- 
gine features. Positive crankcase ven- 
tilation will limit sludge formation; 
pressurized cooling systems and ther- 
mostats help prevent wear; and re- 
ducing stroke-to-bore ratio cuts down 
friction horsepower. (Paper “Valve, 
Ring, Cylinder Sleeve, and Other De- 
signs as Aids to Lubrication,” was pre- 
sented at SAE Indianapolis Section, 
Nov. 18, 1949. This paper is available 
in full in photolithographed form from 
SAE Special Publications Department. 
Price: 25¢ to members, 50¢ to non- 
members.) 
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Interpret Vehicle Data 
On Light Oil Performance 


Based on paper by 


V. G. RAVIOLO 
Ford Motor Cc 


(This paper will be printed in full in 
SAE Quarterly Transactions) 

IGHT motor oils for sub-zero opera- 

tions (tentatively labelled 5W) offer 
substantial improvement in cold start- 
ing ability with some penalty in oil 
consumption, but practically none in 
wear. These facts were uncovered in 
a study by the Group on Engine Oils 
Lighter Than SAE 10, of the CRC Co- 
ordinating Lubricant and Equipment 
Research Committee. They are based 
on data from 11 car manufacturers 
and 23 oil companies, covering 93 
dynamometer engine tests, 26 trucks, 
197 passenger cars, 19 cold room tests, 
and other observations. 

These data show that 5W oils im- 
prove starting ability at low tempera- 
tures as compared with 10W oils. The 
average increase in cranking speeds re- 
ported is 33% in comparable engines 
under similar conditions, equivalent to 
a temperature advantage of about 15 F. 

Improved ability to run after first 
starting also has been widely noted in 
the field. This means there is less 
tendency to stall with 5W oils than 
with heavier oils. 

Part of the price paid for this im- 
proved starting ability is a moderate 
increase in oil consumption. Road test 
data show an average increase in con- 
sumption of about 30% where 5W re- 
places 10W oil. But considerable 
variation from this figure was experi- 
enced, depending on: (1) condition of 
the vehicle, (2) VI of the oil, and (3) 
type of operation. 

As to wear, most of the data show 
no significant difference between 5W 
and 10W. Isolated reports indicate an 
appreciable difference under severe 
conditions. However, data on heavy- 
duty, high-temperature operation are 
insufficient to be conclusive. Market- 
ers of 5W in the United States and 
Canada report no wear problem to date. 

Most of the 5W oils tested also 
showed satisfactory viscosity stability. 
Viscosity stability of 5W is comparable 
to that of 10W; but the change in vis- 
cosity of the two grades is appreciably 
less than the actual difference between 
the grades. It was also found that 
heavier oils, prediluted to a viscosity 
equivalent to that of 5W, are unsatis- 
factory due to viscosity instability. 
(Paper “Light Engine Oils for Im- 
proved Sub-Zero Operation,” was pre- 
sented at SAE National Fuels and 
Lubricants Meeting, St. Louis, Nov. 3, 
1949. This paper is available in full 
multilithographed form from SAE Spe- 
cial Publications Department. Price: 
25¢ to members, 50¢ to nonmembers.) 
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ALENDAR 











Atlanta Group—March 20 


Town House Tea Room, 110 Forsyth 
St., N. W.; dinner 6:30 p.m. Topic to 
announced. Speaker: David T. 
Sicklesteel, chief engineer, Detroit Gear 
Division, Borg-Warner Corp. Cocktail 
yur. 


Baltimore—March 9 


Engineers Club, 6 E. Fayette St., 
Baltimore, Md.; dinner meeting 6:30 
p.m. German Anti-Tank Devices Used 
Against the Russians—George B. Jar- 
rett. Sponsored by H. D. Duppstadt, 
Aberdeen Proving Grounds. 


Buffalo—March 23 


Park Lane Restaurant; dinner 7:00 
p.m. Meeting 8:00 pm. Strategic 
Bombing in Germany (illustrated with 
colored slides)—-Dr. Stephen J. Zand, 
vice-president, engineering, Lord Mfg. 
Co., Erie, Pa. 


Central IIlinois—March 20 


Jefferson Hotel, Peoria, Il.; dinner 
6:30 p.m. Panel discussion—Growing 
Up as an Engineer. 


Chicago—March 14 and March 21 


March 14—Knickerbocker Hotel; 
dinner 6:45 p.m. Meeting 8:00 p.m. 
Pioneering in Lubricant Alloys (The H. 
D. Factor in Engine Lubrication)—C. 
G. A. Rosen, consulting engineer, 
Caterpillar Tractor Co. Social half- 


hour: 6:15 to 6:45 p.m. (sponsored by 
Sinclair Refining Co.). 


March 21—TIllinois Institute of Tech- 
nology, Chicago, Ill. Joint Student 
Group—Chicago Section Meeting. 
Dinner 6:45 p.m. (optional) at Student 
Union, I. I. T. Campus. Meeting 8:00 
p.m., Chemistry Bldg. Auditorium, I. I. 
T. Campus. Topic: Behind the Check- 
ered Flag. Speaker: W. Wilbur Shaw, 
president, Indianapolis Motor Speed- 
way Corp. Special Features: Motion 
picture in connection with Speaker 
Shaw’s presentation. Presentation of 
technical papers by the local winners in 
student contests. 


Cincinnati—March 27 


Engineering Society Headquarters— 
McMillan and Woodburn; dinner 6:30 
p.m. Automotive Brakes-Design and 
Tests—R. A. Goepfrich, assistant chief 
engineer, Bendix Products Division, 
South Bend, Ind. 


Cleveland—March 10 and April 17 


East Side Turners Hall; buffet 6:30 
p.m. Meeting 7:45 p.m. Combined 
Meeting with ASTE. Plastic Flow of 
Metals as It Covers Metal Work Opera- 
tions in Presses—E. V. Crane, C. E. 
Hydraulic Press Mfg. Co. Speaker- 
Sponsor: Dr. Harry B. Osborn, Jr., The 
Ohio Crankshaft Co. 


April 17—Akron-Canton District— 
Stanwood W. Sparrow, vice-president 





MEETING 


PASSENGER CAR, BODY, 
and PRODUCTION 


AERONAUTIC and Aircraft 
Engineering Display 


SUMMER 

WEST COAST 

TRACTOR 

AERONAUTIC and Aircraft 
Engineering Display 


TRANSPORTATION 
DIESEL ENGINE 


FUELS and LUBRICANTS 


NATIONAL MEETINGS 


in charge of engineering, Studebaker 
Corp., and past-president, SAE. Topic 
to be announced. 


Detroit—March 28 and April 4 


March 28—U. S. Rubber Co., 6600 
East Jefferson, Detroit, Mich. Junior 
Group Meeting—Plant Tour; 1:30 p.m. 


April 4—Toledo, O. Regional Meet- 
ing (joint meeting with Toledo Tech- 
nical Council). Afternoon tour of the 
Libbey Glass Co., Division of Owens- 
Illinois Glass Co. Dinner will be at the 
Commodore Perry Hotel. Speaker: 
John Biggers, president, Libbey-Owens- 
Ford Glass Co. 


Indiana—March 9 


Antlers Hotel, Gold Room, Indian- 
apolis. Ind.; dinner 7:00 p.m. Some 
Aspects of High Temperature Opera- 
tion of Automotive Engines—E. R. 
Mason, experimental engineer, Chrys- 
ler Corp. 


Metropolitan—March 16 


Statler Hotel, N. Y.C. Joint meeting 
with the Metropolitan Section of the 
Institute of the Aeronautical Sciences. 
Meeting time: 10 a.m., 2:00 p.m., 7:45 
p.m. Six or seven topics and speakers 
to be announced. 


Mid-Continent—March 17 


Burlingame Hotel, Bartlesville, Okla.; 
dinner 6:30 p.m. Metal Surface Prep- 
arations—Mr. Anderson, chief metal- 
lurgist, Gardner-Denver Co. 


New England—March 7 and April 4 


March 7—Graduate House, Massa- 
chusetts Institute of Technology, Cam- 
bridge, Mass.; dinner 6:30 p.m. Pas- 
senger Car Bodies—A. R. Lindsay, 





DATE 
March 14-16 


April 17-20 
June 4-9 
August 14-16 
Sept. 12-14 
Sept. 27-30 


Oct. 16-18 
Nov. 2-3 


Nov. 9-10 


HOTEL 
Book-Cadillac, Detroit 


Statler, New York 


French Lick Springs, 
French Lick, Ind. 


Biltmore 
Los Angeles, Calif. 
Schroeder 
Milwaukee, Wis. 
Biltmore 


Los Angeles, Calif. 
Statler, New York 


Knickerbocker 
Chicago, Ill. 


Mayo 
Tulsa, Oklahoma 
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chief automotive engineer, Budd Co., 
Detroit, Mich. 

April 4—-Graduate House, Massachu- 
setts Institute of Technology, Cam- 
bridge, Mass.; dinner 6:30 p.m. Diesel 
Engine Design and Maintenance— 
Speaker to be announced. 


Northern California—March 20 


Engineers Club, San _ Francisco, 
Calif.; dinner 6:30 p.m. Meeting 7:30 
p.m. Heavy Duty Motor Oils—Law- 
rence J. Grunder, chief products re- 
search engineer, Richfield Oil Corp. 


Northwest—March 10 


Results of the Grand Canyon Econ- 
omy Run—Max Epps, chief automo- 
tive engineer, General Petroleum Corp. 


Philadelphia—March 8 


Engineers’ Club, 1317 Spruce St., 
Philadelphia, Pa.; dinner 6:30 p.m. 
My Friend, the Engine—Stanwood W. 
Sparrow, vice-president in charge of 
engineering, Studebaker Corp., and 
past-president, SAE. 


Pittsburgh—March 28 


Mellon Institute. Dinner at Webster 
Hall Hotel 6:30 p.m. Application of 
Diesel Engine in Truck and Bus Service 
—Merrill C. Horine, sales promotion 
manager, Mack Mfg. Corp., N. Y. C. 


St. Louis—March 14 


Medart’s Restaurant, 7036 Clayton 
Rd; dinner 7:00 p.m. Crude Oil 
Transportation by Pipeline (Diesel En- 
gine)—R. D. Jackson, Mid-Valley Pipe- 
line Co. Cocktails 6:30 p.m. (spon- 
sored by Shell Oil Co.). 


Southern New England—April 5 


Hartford, Conn. Dinner 6:30 p.m. 
Meeting 8:00 p.m. General Motors 
Proving Grounds—Louis C. Lundstrom, 
General Motors Corp. 


South Bend Division—March 20 


LaSalle Hotel, South Bend, Ind.; 
dinner 6:45 p.m. Meeting 8:00 The 
Studebaker Automatic Transmission— 
Michael P. DeBlumenthal, experi- 
mental engineer, Studebaker Corp. 


Wichita—March 16 


Droll’s English Grill; dinner 6:30 
p.m. Hose Method in Flight Refueling 
—Vern Hudson, chief preliminary de- 
sign, Boeing Airplane Co., Wichita, 
Kans. Film: Jungle Yachts in the 
Belgian Congo. 


Williamsport Group—March 6 


Anglers Club, Williamsport, Pa.; 
dinner 6:45 p.m. Meeting 8:00 p.m. 
Mechanical or Chemical Octane Num- 
bers—Alex Taub, director, Alex Taub 
Associates. 








SAE Nationa! 
HOTEL STATLER. 


April 17-20, 1950 


MONDAY, April 17 


9:30 a.m. 


R. P. KROON, Chairman 


Turbojet Engines—Service Experience 
—J. W. BAILEY, Allison Division, 
General Motors Corp. 

The Extended Service Life of Propeller 

Turbine Engines 
—R. N. DOREY, Rolls-Royce Ltd. 
(Sponsored by Aircraft Powerplant 

Activity) 


2:00 p.m. 


R. E. MINTON, Chairman 


A Review of a Year’s Operation of the 
Curtiss-Wright Dehmel Flight Simu- 
lator 
—SCOTT FLOWER, Pan American 
Airways, Inc. 
Investigation of Reversing Propeller 
Pitch on a Multi-Engine Aircraft In- 
Flight 
—HERBERT FISHER, Propeller Di- 
vision, Curtiss-Wright Corp. 
(Sponsored by Air Transport Activity) 


8:00 p.m. 


HUGH DRYDEN, Chairman 
Presentation of Wright Brothers Award to 


H. J. WOOD and F. DALLENBACH by J. G. 
LEE, Chairman, Wright Brothers Board of Award 


The Wright Brothers as Aeronautical 
Engineers 
—M. P. BAKER, Inland Manufactur- 
ing Division, General Motors Corp. 
Panel Discussion 
Aerodynamics—FRANCIS CLAU- 
SER, Aeronautics Department, Johns 
Hopkins University 
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General Structural and Design Fea- 

tures—ALEXANDER KARTVELI, 

Republic Aviation Corp. 

Powerplants— OPIE CHENOWETH, 

Power Plant Laboratory, USAF 

WRIGHT BROTHERS EXHIBIT 
featuring: working replica of original 
wind tunnel; actual engine and pro- 
peller; working drawings; actual refer- 
ence books; and Orville Wright’s Pilot 
License No. 1. 

(Sponsored by Aircraft Activity) 


TUESDAY, April 18 





ALL-DAY PANEL DISCUSSION 


“AIR TRANSPORTATION AFTER 
| 1955—WHOOOSH!!!” 
| Why, with what, and how? 





General Chairman— 
CHARLES FROESCH, 


Eastern Air lines, Inc. 


9:30 a.m. 


AIR TRANSPORT PROBLEMS— 


1955-1965 
J. B. FRANKLIN, Chairman 
Passenger Markets for Future Air- 
planes 
—H. E. NOURSE, United Air Lines, 
Inc. 
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eronautic Meeting (Spring 


New York City 


Air Speed Doesn’t Mean a Thing 
“~=-R. L. TURNER, Eastern Air Lines, 
Inc. 
Airlines Scheduling and Flight Equip- 
ment Routing After 1955 
—M. E. WARSHAW, Trans World 
Airline 


2:00 p.m. 


OPERATING PROBLEMS 


W. W. DAVIES, Chairman 
Ground Operational Problems with 
Jet-Powered Aircraft 
—E. C. TAYLOR, American Airlines, 
Inc.—Questioner 
—R. E. SMALL, General Electric Co. 
—Answerer 
The Impact of Jets on Air Traffic Con- 
trol 
—S. P. SAINT, Air Transport Asso- 
ciation of America 
Jet Powerplant Maintenance and Over- 
haul 
—JOHN BORGER, Pan American 
Airways, Inc.—Questioner 
—R. B. ROGERS, Westinghouse 
Electric Corp.—Answerer 


8:00 p.m. 


TURBOJET VERSUS TURBOPROP 
FOR AIR TRANSPORT 


P. B. TAYLOR, Chairman 
The Case for the Turbojet 
—WINNETT BOYD, A. V. Roe of 
Canada Ltd. 
The Case for the Turboprop Engine 
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—R. M. HAZEN, Allison Division, 
General Motors Corp. 
Summary 
—CHARLES FROESCH, General 
Chairman of Panel 
(Sponsored by Aircraft, Aircraft 
Powerplant and Air Transport 
Activities) 


WEDNESDAY, April 19 


9:30 a.m. 

D. R. SHOULTS, Chairman 
Stereoscopic Aerial Photography— 
Present Applications and Future Pos- 
sibilities 

—COLONEL G. W. GODDARD, 

USAF, Air Materiel Command 
Design Problems of Large Aerial Cam- 
eras 

—D. E. MacDONALD, Boston Uni- 

versity 
Motion Picture: Functional Photogra- 
phy in Modern Industry 

(Sponsored by Aircraft Activity) 


2:00 p.m. 

Jj. D. CLARK, Chairman 
Standardization of Aircraft Powerplant 
Utility Parts 
Military Aeronautical Standardization 

—R. C. RETHMEL, Air Materiel 
Command 
Is Teamwork the Answer in Aeronauti- 
cal Standardization? 
—J. H. SIDEBOTTOM, Aircraft In- 
dustries Association and G. N. COLE, 
Pratt and Whitney Aircraft Division, 
United Aircraft Corp. 
(Sponsored by Aircraft Powerplant 
Activity) 
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Wednesday April 19 


DINNER 


6:30 p.m. PENN TOP 


Welcome—RICHARD CRETER, 


Chairman, SAE Metropolitan Section 


JAMES C. ZEDER, 
SAE President 


The Transport Airplane as Related to 
Future Military Plans 
MAJOR-GEN. LAURENCE S. KUTER 
USAF 


Commander, Military Air 
Transport Service 





THURSDAY, April 20 


Inspection Trip, 


New York International (Idlewild) 


Airport 
y Port of New York Authority, ! 


y Services, and companies contributing ex 


>.) 


Exhibit and flight demonstration of 
the A. V. Roe C102 Jetliner (American 
debut), Grumman F9F, Republic F84, 
and other jet-propelled aircraft; static 
display of turbojet and _ turboprop 
powerplants and propellers contributed 
by General Electric Co., Westinghouse 
Electric Corp., Allison and Aeroprod- 
ucts Divisions of the General Motors 
Corp., and others to be announced. 


Buses leave from 32nd St. Entrance 
Hotel Statler at 9:00 a.m.—from Idle- 
wild Airport Terminal at Airport at 
9:45 a.m.—Round Trip Bus Fare from 
either point—$2.25. 


Buffet Lunch—Dobbs House, Idlewild 
Airport Terminal—11:30 a.m.—1:00 
p.m.—$1.50 per plate. 




















CLARENCE H. ENDRESS has been appointed 
chief engineer of the Willard Storage Battery Co., 
Cleveland, it was announced by C. E. MURRAY, 
executive vice-president. He joined Willard in 
1920 as a laboratory assistant. During his 
career, Endress served as process engineer and as 
head of the production and experimental labora- 
tories and as electrical engineer in charge of the 
battery and electrical laboratories and branch 
plant process specifications. 


LYNN A. FILL, chief engineer of Motor Products 
Corp., Detroit, has been elected president of The 
American Society of Body Engineers at the 


Society’s fourth Annual Meeting held recently in 
Detroit. 


JOHN H. BANINGER, assistant chief engineer of 
the New Departure Division, General Motors 
Corp., Bristol, Conn., has recently retired. He 
joined New Departure in 1926, and held the 
position of assistant chief engineer since that 
date. Previously Baninger had been chief en- 
gineer with the Marlin-Rockwell Corp., James- 
town, N. Y. from 1914 to 1926, and was in the 
Engineering Department of Willys-Overland Co., 
Toledo, from 1910 to 1914. 


ALEX HAUSER, vice-president of Columbia Com- 
merce & Credit Corp., New York City, was re- 
cently elected vice-chairman of the International 
Trade Section of the New York Board of Trade. 
An active member of SAE, he has served as vice- 
chairman of the Membership Committee of the 
SAE Metropolitan Section. 


WILLIAM F. BURROWS recently 
joined White Motor Co., Cleveland, as 
an assistant engine design engineer. 
He had been assistant chief engineer 
with the Aircooled Motors Corp., 
Syracuse, N. Y. Burrows was secretary 
of the SAE Syracuse Section during 
1948-1949, and was elected vice-chair- 
man of the section for 1949-1950. 


WILLIAM H. GRAVES has been ap- 
pointed vice-president of engineering 
for Packard Motor Car Co., Detroit. 
He joined Packard in 1919 and has 
served as administrative head of the 
engineering division since last April, 
when he was named vice-president and 
director of engineering. He is the 1950 
chairman of the SAE Technical Board. 








NORBERG 





S. W. ROLPH has recently been elected 
i president of the Electric Storage Battery 
| Co., Philadelphia. He was formerly ex- 


| ecutive vice-president. C. F. NORBERG, 


who was formerly vice-president in charge 
of manufacturing for the company, suc- 
ceeds Rolph as executive vice-president 
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About 


LYMAN C. FISHER, formerly asso- 
ciate chief of the Mechanics Research 
Division, Research Department, U. S. 
Naval Ordnance Laboratory, White 
Oak, Md., has been appointed chief of 
NOL’s Engineering Department II. 


DR. ALEXANDER KLEMIN, tech- 
nical editor of “Aero Digest,’”’ New York 
City, was recently awarded the honor- 
ary degree of Doctor of Engineering by 
the New York University College of 
Engineering. 


BURNHAM ADAMS, formerly vice- 
president of Lear, Inc., in charge of the 
LearCal Division, Los Angeles, has 
joined the AiResearch Mfg. Co., same 
city, as sales manager. 


J. DARRELL HARVEY, general 
purchasing agent and manager, Export 
Division, Benedict Mfg. Co., Inc., East 
Syracuse, N. Y., has been elected presi- 
dent of the J. D. Harvey Corp., Syra- 
cuse. 


ARTHUR E. RAYMOND, vice-presi- 
dent of engineering for Douglas Air- 
craft Co., Inc., Santa Monica, Calif., 
has recently been awarded the Ameri- 
can Honorary Fellowship for 1949 by 
the Institute of the Aeronautical Sci- 
ences. JEROME LEDERER, director, 
Flight Safety Foundation, was pre- 
sented with the Special IAS Council 
Certificate “for his outstanding con- 
tributions in engineering for flight 
safety and for his untiring efforts to 
encourage research in this field.” 


ERNEST L. BAILEY is now president 
of Columbia Truck Leasing, Inc., 
Kansas City, Mo. He was formerly 
safety engineer and manager of the 
company’s Leased Department. Bailey 
is 1950 treasurer for the SAE Kansas 
City Section. 


BRUCE E. CLARK is now assistant 
chief engineer in the Airfilter Division 
of the Fram Corp., Dexter Engineering, 
Dexter, Mich. He was formerly proj- 
ect engineer in the Experimental Sec- 
tion of Ford Motor Co., Dearborn, 
Mich. 


NORTON H. SUTTON has recently 
joined the Turner Construction Co., 
New York City, as a civil engineer. 
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CHARLES F. KETTERING, research 
consultant and a director of General 
Motors Corp., and an SAE past-presi- 
dent, has been awarded the 1949 Gold 
Medal of the International Benjamin 
Franklin Society. It was given to him 
in recognition of his “outstanding 
achievements in the field of science.” 


JOHN S. TAWRESEY has joined the 
Barden Corp., Danbury, Conn., as as- 
sistant to the president. He was for- 
merly vice-president in charge of engi- 
neering with the Bunting Brass & 
Bronze Co., Toledo, Ohio. 


JOHN C. MARTIN is now adminis- 
tration assistant, Adhesives and Coat- 
ings Division, Minnesota Mining and 
Mfg. Co., Detroit. He was formerly 
on the production staff with the com- 
pany’s St. Paul, Minn., office. 


JACK E. MARTENS, formerly a 
senior designer with the Cadillac Motor 
Car Division, GMC, Detroit, is now a 
designer with Layout “A”, Ford Motor 
Co., Dearborn, Mich. 


RODNEY L. CRICK has recently 
joined the American Steel Dredge Co., 
Inc., Ft. Wayne, Ind., as a junior engi- 
neer and draftsman. 


EDGAR F. WAIT, who has been as- 
sistant plant manager of the Highland 
Park, Mich., plant of Ford Motor Co., 
has been named acting plant manager 
there. 


C. E. DALTON has recently been ap- 
pointed director of sales, Ford Inter- 
national, Inc., Dearborn, Mich. He 
joined the Ford organization in 1949, 
after a long association with the 
Chrysler Corp. 


E. K. BROWN, formerly chief engi- 
neer of the Needle Bearings Division, 
Torrington Co., Torrington, Conn., has 
been appointed director of research for 
the company. Succeeding him as chief 
engineer is B. T. VIRTUE, who was 
formerly assistant chief engineer. 


GEORGE R. MILLER, formerly a 
layout engineer with the Fairchild Air- 
craft Division of the Fairchild Engine 
& Airplane Corp., Hagerstown, Md., 
has joined the Bell Aircraft Corp., 
Buffalo, N. Y. 
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C. WILLIAM LAUBIN has been appointed chief 
engineer of Fredric Flader, Inc., North Tona- 
wanda, N. Y. He had been chief design engineer 


for the company. 


VICTOR G. RAVIOLO, formerly head of the 
engine section, Engineering Research Depart- 
ment, Ford Motor Co., Dearborn, has been ap- 
pointed engine engineering assistant to the chief 
In his newly created 
position, Raviolo will assist on the design and 
development of Ford, Mercury and Lincoln en- 
gines as well as commercial and 


engineer of the company. 


engines. 


DONALD D. STONE has recently beeen named 
automotive powerplant engineer at Willys-Over- 
land Motors, Inc., Toledo, it was announced by 
W. F. BENNING, chief engineer. 
Willys-Overland in 1939 as a research engineer, 
and immediately prior to his new appointment 


he was equipment engineer. 





HOWARD VOGEL, chief engineer of 
Champion Spark Plug Co., Toledo, has 
been named to the newly created post of 
director of engineering, with ROY PATON 
as his assistant. Vogel, who has been with 
Champion for 18 years and has been chief 
engineer since 1946, will maintain his 
position of directing the overall engineer- 
ing operation. Paton, who has been in 
charge of the engineering production, 
joined the company in 1946. He will per- 
form most of his duties in the field with 
manufacturers using Champion equipment 





GERALD T. WHITE, naval architect 
and director of Westlawn School of 
Yacht Design, Montville, N. J., has 
been elected chairman of the board of 
the Society of Small Craft Designers. 
The society is a national scientific or- 
ganization of men engaged in the de- 
Sign of yachts and the smaller types 
of commercial craft not normally rated 
as ships. 


ALEXANDER H. d@d’ARCAMBAL has 
been appointed general sales manager 
of the Niles-Bement-Pond Co., West 
Hartford, Conn. d’Arcambal, who 
recently celebrated his 30th anniver- 
sary with the company, was previously 
vice-president and sales manager for 
small tools and gages and consulting 
metallurgist. 


industrial 


Stone joined 

















SAE Fathers and Sons .... . 





RICHARD CRETER of Engine Equipment Service, New 
York City, and chairman of the SAE Metropolitan Section, 
with his son CADET RICHARD SCOTT CRETER, 3rd 
Classman, U. S. Coast Guard Academy, New London, Conn., 
who recently became an SAE Enrolled Student. 


HOWARD W. SIMP- 
SON, left, automotive 
transmission consult- 
ant, Detroit, with his 
son BRUCE H. SIMP- 
SON, project engineer, 
Experimental Depart- 
ment, Ford Motor Co., 
Dearborn, Mich. The 
elder Simpson joined 
the Society in 1918, and 
his son in 1949. 
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If any SAE reader knows of SAE 
Father-and-Son combinations, both 
of whom are members of the Society, 
your editors would appreciate hearing 
from you. 

We will write for photographs. In- 
formal pictures of such combinations 
are preferred to individual formal 
portraits. 

Your cooperation will be deeply ap- 
preciated—we don’t want to miss any 
SAE grouping. 
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HSUE-CHU TSIEN is now president 
Central Technical, Inc., New York 
vy. He was formerly factory man- 
er of the China Motor Corp., Linden, 
J. 


J. EDWARD TAYLOR, formerly as- 
stant chief automotive engineer with 
e Gulf Research and Development 
._ Pittsburgh, Pa., is now a chief 
oduct engineer, gasoline _ section, 
Product Development Department, 
uf Oil Corp., same city. Taylor was 
cretary of the SAE Pittsburgh Sec- 
tion for 1948-1949 and is vice-chair- 
man for 1949-1950. 


THOMAS C., LEAKE, formerly a con- 
iting engineer, is now president of 


Leake Engineering, Inc., Brooklyn, 
N. Y. 
BENJAMIN R. ALSOBROOK has 


been appointed to the position of chief 
project engineer for the Rohr Aircraft 
Corp., Chula Vista, Calif. He joined 
Rohr in 1946 as a project engineer. 


Cc. C. HARWOOD, formerly branch 
sales manager for the Sun Electric 
Corp. in Detroit, is now owner and 
manager of Harwood’s Automotive 
Service, Long Beach, Calif. 


WALTER R. WESTPHAL is now 
head of the Experimental Test and De- 
velopment Division, Ford Motor Co., 
Ltd., Rainham Engineering Works, 
Essex, England. He was formerly di- 
rector of engineering at the Cushman 
Motor Works, Inc., Lincoln, Nebr. 


HARRY O. MATHEWS, former SAE 
vice-president and manager of fleet 
operations, Standard Brands, Inc.; 
ARTHUR C. BUTLER, director, Na- 
tional Highways Users Conference; 
and JOHN B. HULSE, secretary-man- 
ager of the Truck-Trailer Manufac- 
turers Association were among the 
speakers at the 1lth Annual Meeting of 
the National Council of Motor Truck 
Owners, Inc., Jan. 26 and 27, Hotel 
Commodore, New York City. 


M. P. L. LOVE is manager of the 
Manufacturing-Research Department 
of Shell Oil Co., New York City. He 
was formerly director of the Wood 
River Research Laboratory of the same 
company. 


JOHN R. QUINZIO, formerly main- 
tenance engineer for the Carborundum 
Co., Niagara Falls, N. Y., is now chief 
engineer of the Campbell Elevator Co., 
Buffalo, N. Y. 


H. J. LAFAYE, assistant sales man- 
ager for the Rim Division of Goodyear 
Tire and Rubber Co., Akron, Ohio, has 
been awarded a lapel pin honoring his 
15 years of service with the company. 
He joined Goodyear in 1935 after 11 
years with the Motor Rim Mfg. Co., 
Cleveland. He was appointed assistant 
sales manager of the company’s Rim 
Division in 1945. 
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J. L. ATWOOD, president of North 
American Aviation, Inc., Los Angeles, 
and completing his first year as chair- 
man of the Aviation Committee of the 
Los Angeles Chamber of Commerce, 
spoke before a combined audience of 
Committee members and representa- 
tives of the aviation press at the Com- 
mittee’s meeting on Jan. 4. He pointed 
out that, according to estimates made 
by the Aircraft Industries Association, 
Los Angeles County accounts for about 
25% of the total aircraft and parts 
sales made in the United States—an 
estimated $425 million for 1949. 


A. T. BURTON, eastern representa- 
tive for North American Aviation, Inc., 
Los Angeles, and C. H. CHATFIELD, 
secretary, United Aircraft Corp., East 
Hartford, Conn., were recently elected 
to the Board of Directors of the Manu- 
facturers Aircraft Association, Inc., 
New York City. 


GEORGE E. STOLL, vice-president 
of Bendix Aviation Corp., has recently 
been elected to the board of directors 
of the corporation, it was announced 
by MALCOLM P. FERGUSON, presi- 
dent. Stoll joined Bendix in 1929, 
when he started as a foreman. 


DAVID SUTHERLAND DULAFF, 
formerly an estimating engineer, has 
joined the Worthington Pump and Ma- 
chinery Corp., Harrison, N. J., as a 
sales engineer. 


FRANCIS G. HUYLER is a field en- 
gineer with Ethyl Antiknock, Ltd., 
Toronto, Canada. He was formerly a 
fleet engineer with the Eastern Region 
of Ethyl Corp., New York City. 


DONALD B. MILLER recently be- 
came sales engineer with JAX Rubber 
Products Co., Jacksonville, Fla., cover- 
ing all of Florida and part of Georgia. 
He had been production engineer with 
the Rivers Body Factory in Jackson- 
ville. 


RICHARD K. HARWOOD, assistant 
claims manager, Chicago Zone Office, 
Buick Motor Division, General Motors 
Corp., was previously service salesman 
with the Flint Retail Store, Flint, 
Mich. 


W. L. DRAY is now president of the 
Stockton Mfg. Co., Inc., Stockton, Iowa. 
He was formerly assistant chief en- 
gineer of Victor Animatograph Corp., 
a division of Curtis-Wright Corp., 
Davenport, Iowa. 


ALFRED WEILAND, formerly gen- 
eral manager of the General Machinery 
Ordinance Corp., South Charleston, 
W. Va., now holds a similar position 
with Lima-Hamilton Corp., Lima, Ohio. 


FRANCIS G. FABIAN, JR., is vice- 
president of Lindsay Structure, Inc., 
Skokie, Ill. He was formerly design 
engineer with the Lindsay Corp., Mel- 
rose, Park, Il. 


79 


PETER P. GUARNER, formerly an 
automotive engineer with Davisbilt 
Products Co., Farmingdale, L. I., N. Y.., 
has joined Henry Spern & Co., Inc., 
Brooklyn, N. Y., as a sales engineer. 


L. RAYMOND TWYMAN is now 
president of Control Industries, Inc., 
Detroit. He was formerly manager of 
industrial sales and sales engineering 
for Vickers, Inc., same city. 


JOE WALLACE is a design engineer 
with the Bell Aircraft Corp., Niagara 
Falls, N. Y. He formerly held a similar 
position with Curtiss-Wright Corp.., 
Columbus, Ohio. 


HARRY J. GRAHAM, formerly as- 
sistant to the general manager of Sun- 
nen Products Co., St. Louis, Mo., has 
joined the Lear Mfg. Co., Grand 
Rapids, Mich., as a product engineer. 


HARRY N. COTTLE, JR., is a design 
engineer with the MB Mfg. Co., New 
Haven, Conn. He was formerly a proj- 
ect engineer in the Propeller Division 
of Curtiss-Wright Corp., Caldwell, N. J. 


DUDLEY CHAMBERS has recently 
joined the International Harvester Co., 
Fort Wayne, Ind., as a principal design 
analyst in the Advanced Engineering 
Section. He was formerly a special 
project designer with White Motor Co., 
Cleveland. 


GEORGE J. TOTH, formerly south- 
ern regional manager for the R. N. 
Sheppard Co., Inc., Hanover, Pa., has 
joined the Diesel Division of the Har- 
nischfeger Corp., Port Washington, 
Wis., as eastern sales engineer. 


THOMAS J. KIELY, formerly assis- 
tant to the vice-president of engineer- 
ing at the American Bosch Corp., 
Springfield, Mass., is now a field en- 
gineer for the corporation’s Chicago 
branch. 


CHARLES A. DOW is now mine 
maintenance superintendent for the 
Blue Diamond Corp., Blue Diamond, 
Nev. He was formerly service manager 
with Nevada Equipment Service, Inc., 
Reno. 


CHRIS G. MacDERMOT, a recent 
graduate of Rensselaer Polytechnic 
Institute, Troy, N. Y., has joined the 
teaching staff of Franklin Technical 
Institute, Boston, as an instructor in 
the Automotive Department. 


JOHN A. FRIES is a sales engineer 
with the Yates-American Machine Co., 
Beloit, Wis. He formerly held a similar 
position with the T. H. Gilmer Co., 
Chicago. 


J. R. DOYLE is chief of the Con- 
trolled Soil Test Section, Department 
of the Army at Aberdeen Proving 
Ground, Md. He was formerly a spe- 
cial lecturer at the University of To- 
ronto, Toronto, Canada. 





JOHN A. LAUCK is vice-president in 
charge of engineering of Pesco Products 
Division, Borg-Warner Corp., Bedford, 
Ohio. He was formerly vice-president 
and chief engineer of that division in 
Cleveland. 


IRVING P. POLAK, formerly a proj- 
ect engineer with the Aeronautical En- 
gine Laboratory of the Naval Air 
Material Center, Philadelphia, is now a 
development engineer with the Mar- 
quardt Aircraft Co., Van Nuys, Calif. 


EDWARD C. YOKEL, is now assist- 
ant chief engineer with the Twin Disc 
Clutch Co., Racine, Wis. He formerly 
held a similar position with the com- 
pany’s Hydraulic Division at Rockford, 
Til. 


JAMES D. CHRISTIAN, who re- 
cently graduated from the University 
of Oklahoma, Norman, has joined the 
Halliburton Oil Well Cementing Co., 
Duncan, Okla., as a mechanical en- 
gineer. 





DON VERNOR ROWTON is Po: 
mouth representative for the Pacific 
Division of Bendix Aviation Corp. at 
Portsmouth, N. H. He was formerly 
hydraulic project engineer with that 
division in North Hollywood, Calif. 


ANDREW McMILLAN, formerly 
mechanical products engineer, Niagara 
Chemical Division, Food Machinery & 
Chemical Corp., Middleport, N. Y.., is 
now an engineer in the Florida Division 
of the corporation, Lakeland, Fla. 





OBITUARIES 





D. McCALL WHITE 


D. McCall White, who spent a half 
century as an automobile and aircraft 
powerplant engineer, died Jan. 29 in 
his home in Hartford, Conn. He was 
69. 

When 19 years old he joined the 
Napier automobile and engineering 
concern in England, becoming manager 
of the London plant of that company, 
and later was associated with Crossley 
in Manchester. 

He came to this country in 1914, 
helped to design the early Cadillac 
automobiles and became a vice-presi- 
dent of what is now the Cadillac Motor 
Car Division of General Motors Corp. 

During World War I White was a 
consultant to the Army Air Corps on 
aircraft engines, and later was elected 
a vice-president of the Lafayette Auto 
Co., and was appointed general man- 
ager of the concern. 

For the past 22 years he has had 
his consulting engineering office in 
Hartford, and was manufacturers’ 
consultant to United Aircraft Corp., 
and until recently, a consulting engi- 
neer for the Tucker Car Corp., Chicago. 

He joined the SAE in 1915, and 
presented several papers before meet- 
ings of the Society on high-speed 
gasoline engines. 


HARRY M. BRAMBERRY 


Harry M. Bramberry, Sr., for more 
than 20 years a practicing automotive 
engineer in New Castle, Ind., passed 
away unexpectedly of a heart ailment 
on Jan. 11 in New York City, where 
he had gone to attend a meeting. He 
was 56 years old. 

Always deeply interested in internal 
combustion engines, he went to New 
York City to attend the annual Motor 
Boat Show. 

For several years he and his son, 
Harry M. Bramberry, Jr., had con- 
ducted research as engineering con- 


sultants under the firm name of Bram- 
berry & Son. 

A member of the Army Ordnance 
association, Bramberry held numerous 
patents on articles and processes he 
had developed. Two of these processes 
which had attracted nationwide at- 
tention in the automotive field were 
the development of nitrided steel pis- 
ton rings and characterized cylinders. 
Thompson Products, Inc. is licensed to 
manufacture under the Bramberry 
patents. 

In 1932, Bramberry was author of 
the section on piston rings and grooves 
in the SAE Handbook. 

He started his career with internal 
combustion engines in 1909, when he 
became associated with Wallace Broth- 
ers Marine Gas Engine Machine Shop 
of Norfolk, Va. 

In 1913 he won the Chesapeake Bay 
championship with the speed boat 
“Pocomoke” equipped with an engine 
with special Bramberry equipment. 
Bramberry started his own automobile 
repair business at Norfolk in 1914 and 
in 1920 invented the “‘Tung-Tite” pis- 
ton ring. 

He then joined the U. S. Navy Air- 
craft Engine Laboratory and Bureau 
of Standards, adapting the “Tung- 
Tite” piston ring and pistons to th 
Liberty engine. 

Bramberry was subsequently as- 
sociated with H. L. Horning of 
Waukesha Motor Co., Piston Research 
Corp. of Norfolk, Chrysler Corp., Gen- 
eral Piston Ring Co., and from 1928 
until 1941 with the Perfect Circle Co. 
From 1941 until 1943 he was sponsored 
by the Borg-Warner Corp., and with 
NACA joined efforts of the U. S. Navy 
and Army Air Forces in the develop- 
ment of nitrided steel piston rings and 
characterized cylinders. 

From 1944 to 1946 Bramberry was 
consultant with White Motor Co., 
Cleveland, and Mircomatic Home Corp., 
Detroit, developing characterized cyl- 


inders for cold starting, high output, 
and long life. 
He became a member of the SAE in 
1928. 
CHARLES H. FOX 


Charles H. Fox, internationally 
known designer and manufacturer of 
fire engines, died at his home on Jan. 
26 after a nine month illness. He was 
89. 

He began his career in this field in 
1892 when he resgined his position as 
assistant chief in the Cincinnati Fire 
Department and joined the Ahrens 
Mfg. Co., same city. In 1902, upon re- 
tirement of the owner of the Ahrens 
Co., he founded the Ahrens-Fox Co. 

While president of the company, he 
designed and built the first successful 
automobile fire engine. He also was 
credited with the invention of tubular 
boilers for the old horse-drawn engines, 
boilers for truck engines, aerial ladders 
and four-wheel brakes on fire trucks. 

Following his retirement as head of 
the concern in 1940, Fox was engaged 
by the government to inspect engineer- 
ing equipment for use during World 
War II. He held a similar post in the 
first World War. 

Fox was honored as a “modern 
pioneer of research and invention” in 
1940 by the National Association of 
Manufacturers, and he received the 
Engineering and Technical Societies 
Council Award for the “outstanding en- 
gineer of Hamilton County for the 
year 1949.” He joined the SAE in 1912. 


HARRY S. SMITH 


Harry S. Smith, vice-president of 
Burgess-Norton Mfg. Co., Chicago, died 
Jan. 10 after a short illness. He was 
59. 

Smith had been associated with Bur- 
gess-Norton for 19 years. He was 
active in manufacturing, government, 
and farm equipment sales. 
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Seek Simple Wear Test 


For Shot Blast 


ANY variables complicate the setting 

up of a simple test for blade wear 
on a shot blasting machine (an index 
to wear of the entire machine), agreed 
members of the Shot Blasting Subcom- 
mittee, of the Shot Peening Division, 
SAE Iron & Steel Technical Committee. 
Data on such tests are considered 
valuable background material by the 
group in preparing a proposed shot 
blasting manual. 

Some equipment manufacturers are 
said to use such a test to evaluate and 
control blade quality. One in partic- 
ular uses a 5-hr test with a controlled 
shot cycle. The vane is weighed both 
before and after the test, with the loss 
of weight in grams taken as an index 
of quality. Some sand is added to the 
shot since it is the greatest wear in- 
ducer on both vane and deflector. 

Several members recommended that 
shop tests be conducted, with blade 
weight loss per unit time of operation 
the basis of the test. Objection to this 
was the many variables in a shop test. 
For example, maintenance varies, as 
shown by a survey of such tests run in 
various General Motors Corp. divisions. 

It was also suggested that a definite 
time for such wear test be established, 
since wear is not necessarily uniform 
over the life of the blades. One mem- 
ber observed that variations will be 
found from one machine to another. 
As a case in point, he said that some 
have more efficient separators than 
others; this materially affects wear by 
reducing sand content. Variations in 
shot and blades also were pointed out. 

Another problem stems from the fact 
that all blades in a given set do not 
wear uniformly. Some pit and rut 
much more than others in the set 
(probably due to casting flaws). 

Question of incorporating a sand 
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Machine 


content analysis in the test met with 
mixed reactions. Apparently this 
varies from one machine to another, 
depending on several factors — 
whether the machine is the batch or 
continuous type, efficiency of separator, 
and work being processed. 
Subcommittee Chairman A. E. Proc- 
tor, Ford Motor Co., admitted the ex- 
istence of these variables, but pointed 
out that such a test would emphasize 
their effects and might provide the 
impetus to find controls for them. In 
the light of this discussion at its last 
meeting, the Subcommittee prepared 
a data sheet to be used by its members 
in submitting experimental data on 
blade wear. These data will serve as 
the basis for further discussion on pos- 
sibilities of establishing a simple test. 


New Technical 
Committee Personnel 


The following appointments have 
been approved by the SAE Technical 
Board at is last meeting: 


@M. L. Frey, Allis-Chalmers Mfg. Co., 
chairman of the SAE Iron & Steel 
Technical Committee, with E. H. Stil- 
well, Chrysler Corp., as vice-chairman. 


© H. H. Allen, Interstate Commerce Com- 
mission, chairman of the SAE High- 
ways Research Committee. 


@L. S. Pfost, Massey-Harris Co., Inc., 
chairman of the SAE Tractor Techni- 
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cal Committee, with W. F. Strehlow, 
Allis-Chalmers Mfg. Co., as. vice- 
chairman. 


® H. L. Rittenhouse, Euclid Road Machin- 
ery Co., as sponsor of the new SAE 
Committee on Tube, Pipe, Hose, and 
Lubrication Fittings. 


@R. B. Kaiser, Bendix Aviation Corp., 
member of Joint ASTM-SAE Technical 
Committee on Automotive Rubber, 
with Harold Fisher, also of Bendix, 
and W. R. Williams as alternates. 


© D. J. Giles, Latrobe Electric Steel Co.., 
alternate to L. A. Danse, General 
Motors Corp., on ASA Sectional Com- 
mittee B52—Classification of Materi- 
als for Tools, Fixtures, and Gages. 


© R. G. Cummings, Ford Motor Co., suc- 
ceeds P. M. Delzell as member of ASA 
Sectional Committee B18—Bolts, Nuts, 
Rivets, Screws, and Similar Fastenings. 


© H. M. Parsons, International Harvester 
Co., member-at-large on ASA Sectional 
Committee B29—Roller Chains and 
Sprockets. 


®@ |. Kalikow, General Electric Co., and 
D. C. Apps, General Motors Proving 
Ground, SAE representatives on ASA 
Sectional Committee Z24, Subcommit- 


tee Z24-H on Vibration and Shock 
Measurements. 


© j. Gurski, Ford Motor Co., succeeds 
H. A. Hicks as SAE representative on 





SAE 
Technical Board 
W. H. Graves, Chairman 


B. B. Bachman 
Harry Bernard 


G. A. Brady 

A. T. Colwell 

G. A. Delaney 
C. T. Doman 
Charles Froesch 
C. E. Frudden 

L. A. Gilmer 

A. G. Herreshoff 
R. P. Kroon 

R. P. Lansing 


Arthur Nutt 
R. J. S. Pigott 


W. D. Reese 

H. L. Rittenhouse 
R. R. Teetor 

R. L. Weider 

D. K. Wilson 

H. T. Youngren 














ASA Sectional Committee B32—Wire 
and Sheet Metal Gages. 


@ W. }]. McCourtney, Chrysler Corp., SAE 
representative at first meeting of new 
ASA Sectional Committee B55—Stand- 
ardization of V-Belts and V-Belt 
Drives. 


@ B. F. jones, Autocar Co., succeeding 
W. I. Rodgers, Jr., ACF-Brill Motors 
Co., on ASA Sectional Committee Z26 
—Specifications and Methods of Test 
for Safety Glazing Material. 


® A. B. Hirtreiter, Mack Mfg. Co., and 
T. L. Preble, Tide Water Associated 
Oil Co., SAE representatives on Com- 
mittee on Truck Transportation, of the 
National Fire Protection Association. 


@R. R. Burkhalter, Spicer Mfg. Division, 
Dana Corp., as SAE representative on 
ASA Sectional Committee B17—Stand- 
ardization of Shafting. 


@G. L. McCain, Chrysler Corp., and P. 
Pritchard, Allison Division, GMC, suc- 
ceed Earle Buckingham, MIT, on ASA 





—Technishorts .... 





Sectional Committee B6—Standardi 
zation of Gears. 


© W. E. Conway, Studebaker Corp., a! 
ternate to F. K. Gylnn, SAE repre 
sentative on ASA Standards Council. 


©G. W. Laurie, Atlantic Refining Co 
SAE representative on ASA Highway 
Traffic Standards Correlating Com- 
mittee. 


© T. M. Logan, Caterpillar Tractor Co. 
succeeds V. C. Speece, as an SAE rep- 
resentative on ASA Sectional Commit- 
tee B5—Small Tools and Machine 
Elements. 


© j. H. Hunt, General Motors Corp.; W. 
F. Little, Electrical Testing Labora- 
tories, Inc.; and V. J. Roper, General 
Electric Co., as members of the U. S. 








LIGHTING SPECS: Among the revisions in SAE lighting specifications 
to be incorporated in the 1950 SAE Handbook are the following three: (1) 
modification of the SAE Recommended Practice for License Plate Lamps 
to permit use of a smaller license plate lamp on motorcycles (all states 
supply small-size license plates for these vehicles); (2) substitution of a 
salt fog test for the corrosion test in the SAE Standard on Tests, Ratings, 
and Codes for Motor Vehicle Lighting Equipment; and (3) clarification of 
color requirements in the SAE Recommended Practice for Direction Signals 
to point out that both red and amber can be used for the rear. 


National Committee, of the Interna- 
tional Commission on Illumination. 


®H. C. Smith, Great Lakes Steel Corp., 
SAE representative on Subcommittee 
19 on Sheet Steel and Steel Sheet, of 
ASTM Committee Al. 


@j. T. O'Reilly, Ford Motor Co., suc- 
ceeds J. L. McCloud as a member of 
the Joint SAE-ASTM Technical Com- 
mittee on Automotive Rubber. 


NODULAR IRON: Growing interest in nodular cast iron (containing round 
rather than the usual flaky graphite particles) as a possible replacement 
for conventional cast iron and steel castings has led to the formation of a 
new SAE technical group. Its aim is to find out how to make nodular iron 
castings that are comparatively free from slag, dirt, shrinkage, and im- 
purities—currently a major foundry problem. The group will serve as a q 
fact-finding committee for gathering information and data on nodular iron : 
test methods, control of properties, and reproducibility. Its name: Nodular 
Iron Group, of the Automotive Iron Castings Division, SAE Iron & Steel 
Technical Committee. Its chairman: V. A. Crosby, Climax Molybdenum Co. 


NONDESTRUCTIVE TESTING: Industry engineers want more informa- 
tion, all collected in one place if possible, on nondestructive testing. They 
want to know the definitions of the various methods; instruments com- 
mercially available; references to publications; known or suggested appli- 
cations; comments on results or interpretations; and limitations of methods 
or instruments in automotive applications. This was revealed in a survey 
conducted by the Nondestructive Testing Division, of the SAE Iron & 
Steel Technical Committee. The group will be guided by this response in 


ASA Twist Drill ' 
Standard Under Way 


HE SAE Technical Board recently 
approved a proposed American Stand- 
ard on Twist Drills, Straight Shank 


. preparing nondestructive testing material for the SAE Handbook, accord- pe a —— Guiie ae 
ing to its chairman, D. M. McCutcheon, Ford Motor Co. stitute, and the National Machine Tool 
TIRE BALANCE: The Tire Balance Subcommittee of the SAE Truck and -s nti Mle ga eo 
Bus Committee has prepared a report entitled “Out-of-Balance Limits for If and when the proposal receives 
Front Wheels or Tandem Axle Wheels” for submission to the Tire & Rim approval of all four sponsors, it will be 
Association. This report indicates the maximum maxium out-of-balance transmitted to the American Standards 
limits desired by commercial vehicle operators and builders from the Association for final approval and 

: standpoint of good steering and tire wear. identification as an American Stand- 

; ard. 

TRACTOR CONTROLS: Possibilities of standardizing controls on tractors posed 

} are being investigated by the SAE Tractor Technical Committee. The ne ne gr ree fing Rade in 
group believes there is one best way for operating controls and feels a uni- 1940. are: 

form practice on the right way should be established. Among the items ‘ ; 


that need such study, Committee members point out, are hand-operated 


versus pedal-operated clutches, and push or pull motion to engage or 
disengage. 


1. Tolerances have been set on vari- 
ous features of drills so that products 
of different manufacturers will be in- 
terchangeable in users’ plants. 

2. Taper shank drills have been in- 
cluded. 

3. Sequence of diameters of straight 
shank drills has been changed to cor- 
respond to actual sizes used in industry. 

4. Lengths of number, letter, and 
fraction sizes drills have been changed 
so that all three series—straight shank, 
automotive straight shank, and taper 
shank—have corresponding lengths. 


DECIMAL DIMENSIONING: Of the 88 companies surveyed by the SAE 
Aeronautical Drafting Manual Committee on decimal dimensioning usage, 
it was found that: (1) 84 companies or 95.4% are using decimal dimension- 
ing fully or in part; (2) of these 84, 18 companies or 21.4% are using two- 
digit dimensioning, as described in the SAE Aeronautical Drafting Manual; 
(3) 17 companies or 20.2% seem to be using both two- and three-digit di- 
mensioning, based on multiple general tolerances; and (4) 49 companies 
or 58.3% are using three-digit dimensioning. 
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deceiving 


@ Believe it or not, these 
six photographs represent 
the same black smoke ex- 
haust condition. Differ- 
ence lies in the camera set- 
tings, as noted; printing 
exposure and developing 
times were the same for all 
six photographs. 


This shows that photog- 
raphy does not provide a 
reliable measure of ex- 
haust smoke, according to 
J. C. Miller, Cummins En- 
gine Co., chairman of the 
SAE Automotive Exhaust 
Smoke Subcommittee. By 
varying shutter speed, 
light factor, and develop- 
ing and printing times, the 
photographer can produce 
almost any desired results. 
Another big variable in 
measuring smoke densities 
photographically, Miller 
advises, is background 
condition of the sky. 


These photographs are 
part of the Subcommittee’s 
investigations aimed at de- 
veloping techniques and 
instrumentation to mea- 
sure commercial vehicle 
exhaust smoke. 
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New Trucks Require 
Owner Adjustment 


® Central 


| R 


Illinois Sect 
Field Edit fr 


Lamport 


Dec. 12—H. L. Willett, Jr., executive 
vice-president of the Willett Co., Chi- 
cago, presented his paper “Diesel En- 
gine Maintenance.” 

Discussion brought out that new 
trucks now require a great deal of ini- 
tial adjusting by the new owner. 

One of the major decisions which 
the fleet owner is called upon to make 
continually is when to trade in, scrap, 
or overhaul his individual units. Wil- 
lett would like to have his units built 
like the “one-hoss shay.” ‘“Wouldn’t 


that be wonderful,” he said, “to have 
a unit run to a ripe old age without 
any trouble or maintenance and then 
to fall completely apart so that the 
only decision you had to make was 
which junk man to call.” 

The after-dinner speaker was Jim 





Thomas Coombs (left), works manager of Alvis, Ltd., 
Coventry, England. is greeted as Southern New Eng- 
dand Section’s international guest by Section Chair- 


man W. Paul Eddy, Jr. 


Meetings 


Backes, Peoria Woodruff High School 
senior. He is an accomplished orator 
and recently winner of the Peoria 
“Voice of Democracy” contest 


Diesel-Powered Cars 
Trying for 1950 Race 


® Sorithern New England Section 
R. E. Johansson, Field Editor 


Feb. 1—Wilbur Shaw, three-time win- 
ner of the Indianapolis 500-mile race 
classic, regaled some 250 members and 
guests with tales of his racing days. 
Shaw, now president of the Indian- 
apolis Motor Speedway Corp. showed 
the color-sound movie “Behind the 
Checkered Flag,” produced through the 
cooperation of the Socony-Vacuum Oil 
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Co. and the Indianapolis Speedway 

put the audience in the mood for racir 
talk. This exciting documentary fil 
takes one behind the scenes in tl! 
months preceding the big day of tl 
race, into Lou Moore’s workshop whe! 
so many famous racing cars have bee 
born, through the preparatory stage 
of the race, and then to the gran 
climax for the drivers and some 175,0( 
racing fans alike. 

The two-time national champior 
then brought the exciting story of on 
of his first Indianapolis races, that of 
the year 1931, to his attentive listener 
It was in this race that Shaw at- 
tempted to qualify, failed when hi: 
car’s engine disintegrated, then got an 
other chance with a different car 
which, at a crucial moment in the race 
went over the wall and out of th 
Speedway to crash into oblivion. De- 
spite injuries sustained in this crash 
Shaw returned to the pits and re- 
entered the race in still a third car 
and finished sixth! 

All of the hopes, hearth-breaking 
disappointments, humorous sidelights 
thrills, and terrific pressures were ably 
described by the speaker. He placed 
particular emphasis on the fact that 
the acceptance of an automotive part 
by the driver or owner of a racing car 
in the “500” is the greatest compliment 
that can be paid to its manufacturer 
This “crucible of speed” and “outdoor 
laboratory” always demands the best 
and constantly strives for something 
better! 

The speaker was introduced by Mar- 
tin Berlyn, consulting engineer for the 
American Locomotive Co. of Schenec- 
tady, N. Y. In the question period fol- 


Examining the latest type racing car magneto at the Feb. 1 meeting of Southern New 
England Section are: (left to right) Martin Berlyn, technical chairman of this meeting; 
John Broderick, section vice-chairman; Louis Vollmar, “King of Ignition,” employed at 
American Bosch Corp.; Wilbur Shaw, the speaker; and W. Paul Eddy, Jr., section chairman 
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wing the talk, Shaw disclosed that 

veral diesel-powered cars would com- 

te in the 1950 race, providing they 
ialify in the time trials. Their extra- 
eight penalty will be compensated for 

y an allowance of greater displace- 

1ent. These particular cars will prob- 

.bly outweigh their competitors by 
me 800 lbs; however, the increase of 
iisplacement from 274 to 402 cu in. by 
ermission of the Indianapolis officials, 
lus the inherent high torque char- 
acteristics lead the owners of these 
liesel cars to expect to qualify among 
the 33 participants of the big race. 

Prior to the meeting, Wilbur Shaw 
was interviewed on the radio by Bob 
Stele, popular Hartford sports com- 
mentator, speaking over station WTIC. 
At that time, Shaw disclosed that al- 
though he’s 47 years old, he still hopes 
that he has not participated in his last 
race. 

The Section had as its guests Thomas 
Coombs, works manager of Alvis, Ltd., 
Coventry, England, who manufacture 
the Leonides aircraft engine and Alvis 
custom-built motor car; Russell Sceli, 
past-president of the Sports Car Club 
of America and present regional direc- 
tor; and Louis Vollmar, the “King of 
Ignition,” employee of the American 
Bosch Corp., who has serviced the mag- 
netos of 18 out of 23 past Indianapolis 
race winners. 


Frequent Bus Inspection 
Cuts Maintenance Costs 


® Hawaii Section 


Rene Guillou, Field Editor 


Jan. 16—Inspection of the shops and 
maintenance practices of the Honolulu 
Rapid Transit Company was a feature 
at this meeting. Following the in- 
spection tour and a dinner, the Section 
was addressed by D. H. Mikkelson, 
superintendent of equipment for the 
Honolulu Rapid Transit Co. 

A fleet of 250 gasoline and trolley 
buses and 50 diesel buses is operated. 
The diesel units have operated with 
fuel economy and a minimum of main- 
tenance that is outstanding, according 
to Mikkelson. A bus is washed follow- 
ing each day of use and is greased each 
2000 miles. Oil is changed at 4000- 
mile intervals. and each 5000 miles the 
pressures and temperatures are checked 
while the unit runs on a chassis dyna- 
mometer. 

Ten of the 50 diesel buses have run 
over 150,000 miles each with the origi- 
nal rings. Chrome-plated top rings 
are used, with standard pistons and 
liners. 

A system of daily inspection of tires 
on buses together with careful recap- 
Ping and repair is credited with reduc- 
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Above: Some of the Hawaii Section members who toured the shops of the Honolulu Rapid 


Transit observe operation of a crankshaft grinder. 


Below: Members meet at dinner following 


the tour 


ing tire changes on the street to an 
average of three a week, or approxi- 
mately one for each 70,000 bus-miles. 
Tire carcasses are ordinarily recapped 
twice. New tires are used on front 
wheels as a safety precaution, though 
the fleet has now operated for several 
years without a blowout. 


Road Racing History 
Told by Milliken 


@ Syracuse Section 


L. R. Parkinson, Field Editor 
Feb. 1—The history of road racing was 
described by William F. Milliken, Jr., 
manager of flight research, Cornell 
Aeronautical Laboratory, Inc., Buffalo, 
N. Y., in his talk, “The Engineering 
Aspects of Road Racing.” 

Milliken started with point-to-point 
racing (which because of the hazard- 
ous nature to the spectators was dis- 
continued), and followed by the Gor- 
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don-Bennett races in Europe, tne 
Grand Priz race in France, and later 
the round-the-houses racing initiated 
at Monte Carlo. 

At the first Grand Priz type of race 
in this country, held at Watkins Glen, 
about 45 cars were entered. The Euro- 
pean system of starting was used—all 
cars were lined up at 45 deg angles to 
the curb, and the drivers stood on the 
opposite side of the street; at the indi- 
cation of the start the drivers ran 
across the street, started their cars 
and the race was on. 

Milliken talked about his experi- 
ences with the four-wheel-drive car 
and the difference in the types of con- 
trol when it is not possible to steer the 
car’s rear wheels by application of 
power. In many respects the four- 
wheel-drive proved to be a superior 
form of transmission, and the speaker 
showed some curves which have been 
plotted from data pertaining to the 
Pike’s Peak Race. One chart showed 
that the main requirement was to ac- 
celerate as fast as possible and con- 
tinue accelerating until the application 
of brakes was required to reduce the 
speed to a point where the particular 
curve could be made, and immediately 














Enjoying an after-dinner chat at the Jan. 18 meeting of the Mohawk-Hudson Group are: (left to right) Don Wilson, pro- 
gram chairman; Edgar Billings, section chairman; Stanley E. Lodge, speaker; and Frank Geiler, secretary-treasurer 


on recovery the acceleration should 
start again. Of course, Milliken 
pointed out, considerable thought was 
required to determine the maximum 
speed which could be attained and 
still provide the necessary distance for 
deceleration in order to make the 
curves. 


Milliken had many interesting mov- 
ies showing the types of sports cars 
used in the races, and gave a very in- 
teresting description of each car. 


Milliken has just returned from 
Florida where he engaged in the first 
road race to be held at Palm Beach. 
He was in the Pike’s Peak Hill Climb 
in 1947, the Watkins Glen Race in 
1948 and 1949, and the 1949 Bridge- 
hampton Race. 


Railroad Personnel 
Schooled In Diesels 


® Mohawk-Hudson Group 
Frank Baker, Field Editor 


Jan. 18—The ALCO-GE Diesel-Electric 
Locomotive School is primarily inter- 
ested in training railroad personnel in 
the proper operation and maintenance 
of ALCO-GE diesel-electric locomo- 
tives, stated Stanley E. Lodge of the 
education department at Alco. 

The fast transition from steam mo- 
tive power to diesel-electric motive 
power, has confronted the railroad 
machinist and electrician with some- 
thing new. Their early training and 





Correction—When this picture appeared in the January issue, the men shown were incorrectly 

identified. They are (left to right) V. L. Durrstein; Roy Free; J. F. Harrison; E. E. Greiner; 

and, seated in his 1905 Reo, C. F. Greiner. The car was one of 16 displayed to Dayton Section 
by the Buftalo-Springfield Roller Co. 
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lifelong work on steam locomotives did 
not call for the precision tools, meth- 
ods, and equipment that are required 
for the maintenance of diesel-electric 
locomotives. The railroads, realizing 
this, have turned to education as a 
means for meeting this fast transition, 
he said. 

In instructing railroad personnel in 
the construction and maintenance of 
the diesel engine used in diesel-electric 
locomotives emphasis is placed on the 
design of the engine which features: 
(1) interchangeability of wearing 
parts; (2) accessibility to all parts; 
(3) light parts which permit easy 
handling; and (4) supercharging, 
which gives ample horsepower in a 
comparatively small and light engine. 

During his talk Lodge used the 
ALCO V-type engine to illustrate the 
techniques taught to the railroad men. 

Following his talk, a motion picture 
“Railroading on the Maybrook” de- 
scribed the dieselization of the May- 
brook branch of the New Haven Rauil- 
road. 


Pocket Dial Phones 
Predicted by Clark 


® Dayton Section 
T. O. Mathues, Field Editor 


Jan. 10—SAE members entertained 
their wives and guests at a combina- 
tion dinner, tour, and lecture at the 
Ohio Bell Telephone Building. 

Telephone officials provided a con- 
ducted tour which led through long 
distance incoming switchboards; long 
distance outgoing switchboards; tele- 
typewriter panels; information and 
“wrong number” panels; long lines re- 
peaters; radio, television. and teie- 
graph equipment; equipment for four 
of Dayton’s exchanges; and DC power 
and standby equipment. 
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The switchboard for operating Day- 
ton’s mobile telephone service was also 
pointed out. Subscribers for this ser- 
vice include many doctors and eng:n- 
eering construction foremen as well as 
supervisors of companies specializing 
in heavy industrial moving and rigging. 

Speed, accuracy, and courtesy were 
emphasized throughout the tour. 

Robert C. Clark, assistant public re- 
lations director for the Ohio Bell Tele- 
phone Co. conducted a demonstrztion 
and lecture on “Bell Telephone Re- 
search,” following the tour. 

Clark demonstrated a working re- 
plica of Alexander Graham Bell’s first 
telephone, pointing out the absence cf 
higher voice frequencies and the re- 
sultant gutteral, almost unintelligible 
sounds produced. 

He demonstrated various develop- 
ments in telephone communication in- 
cluding some of Bell’s wartime con- 
tributions—the throat microphone for 
the Air Corps and the lip microphone 
for the Marine Corps. 

Elementary principles of radar were 
explained, and a series of demonstra- 
tions followed which served to point 
out some of the peculiarities of ex- 
tremely high frequency radio waves 
(4000 megacycles). 

The importance of scrambling wire- 
less communication for secrecy was 
emphasized. A Bell Telephone voice 
scrambler was demonstrated showing 
how it could take the low tones from 
a person’s voice and make them come 
out high and vice versa. This pro- 
vided some amusement for the audi- 
ence as the speaker recited Lincoln’s 
Gettysburg Address. 

The meeting closed on a note of 
optimism as Clark told of his personal 
prediction of telephone service of the 
future. 

“Every individual will be equipped 
with a personal pocket size telephone 
and transmitter operated by midget 
batteries. If in the future you take 
out your telephone, dial your brother- 
in-law, and get no answer, there can 
be only one reason: he has died since 
you last talked with him,” said Clark. 


New Oils Lengthen 
Engine Parts’ Life 


® Wichita Section 
Don Simon, Field Editor 


Jan. 19—New oils have reduced wear 
through greater lubricating qualities 
due to additives,” said John H. Baird, 
Sales engineer with the Lubrizol Corp. 
of Cleveland, in his talk “The New 
Look in Lubrication Oils.” 

Baird, former chairman of the Mid- 
Continent Section, traced the history 
of oil additives since their beginning 
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SAE Central Illinois Section 
EARTHMOVING INDUSTRY CONFERENCE 

April 11-13, 1950 

Hotel Pere Marquette BANQUET 


° 6:30 p.m. TUESDAY 
Peoria, Ill. WILLIAM HAZLETT UPSON 
Author of Alexander Botts Stories 
appearing in 
; “The Saturday Evening Post” 
TUESDAY, April 11 eng 

R. C. WILLIAMS 

9:00 a.m. General Chairman of Meeting 

Keynote Address 





P. B. BENNER 
The Past, Present, and Future of Chairman Central Illinois Section 
Earthmoving Toastmaster 
—R. G. LeTOURNEAU, R. G. Le- 
Tourneau, Ine. WEDNESDAY, April 12 
10:00 a.m. 


. 9:00 a.m. 
T. M. FAHNESTOCK, Chairman Choice of Plant Visits to: 


Cutting Edges as Applied to Grader, Hyster 
Scraper, and Bulldozer Requirements LeTourneau 


and Specifications Caterpillar Road Machinery Building 
—R. F. BOURNE, Colorado Fuel & 





Iron Corp. 2:00 p.m. 
2:00 p.m. D. K. HEIPLE, Chairman 
T. A. HALLER, Chairman The Steering of Rubber-Tired, High- 
Infinitely Variable Transmissions from Speed, Off-the-Road Earthmoving 
Technical and Practical Viewpoint Units : 
—E. F. NORELIUS, Allis-Chalmers ~—G. J. STORATZ, The Heil Co. 
Mfg. Co. 
pes. lho Work with Hydraulic Trans- THURSDAY, April 13 
—R. M. SCHAEFER, Allison Divi- Visit to Springfield Works, Allis-Chal- 
sion, General Motors Corp. mers Mfg. Co., Springfield, Il. 





with oleic acid. Unfortunately, he : . 

said, this substance severely attacked Engine Oils Improved 
some bearing metals, but did apprecia- ' 

bly increase the lubricating qualities of To Meet Diesel Needs 
the oil. Subsequent development has ® Southern Californie Section 
resulted in five basic oil types: regular; 

premium; heavy-duty; Specification RE Strasser, Acting Field Editor 
2-104B, Supplement 1; and Specifica- jan. 26—During the 1930's straight 


tion 2-104B, Supplement 2. mineral oils were used for all internal 


Regular type contains no additive; combustion engines. With the greater 
premium contains oxidation and cor- 


rosion inhibitors and maybe 1 to 3% 
detergent; heavy-duty (Army Specifi- 
cation 2-104B) contains corrosion and 
oxidation inhibitors and 3 to 5% de- 
tergent. These three, he stated, are 
readily available commercially. 


Photographic slides of test engine 
parts were shown indicating less wear, 
corrosion, sludge, and varnish with in- 
crease of detergent content. 


Baird explained how Supplement 2 
to Specification 2-104B was developed. 
The troubles, he said, were traced to 
localities where high sulfur content 
fuels were prevalent. From 18 to 20% 
detergent was found necessary to keep 
ne solid - ee meee oe the — Sup- John Edgar, chief research engineer at 
plement 1 was developed as a less ex- : vr : 
seneive oli to M8 the emp beeween Martinez Refinery of Shell Oil Co., spoke at 


the Jan. 26 meeting of Southern California 
heavy-duty and Supplement 2. Section 
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Photographed at the Jan. 17 meeting of the Washington Section are: (left to right) 
Frank G. Stewart, section chairman; Robert M. Williams, the speaker, who is chief 
of the Aircraft Reactor Branch, Atomic Energy Commission; and Col. Allen Blade, 


Atomic Energy Commission. 
Problems” 


use of diesel engines new oils were 
required to meet their needs, declared 
J. A. Edgar, chief research engineer, 
Martinez Research Laboratory, Shell 
Oil Co. 

The last war brought about the de- 
velopment of Specification 2-104-B 
oils, an Army specification for engine 
oils. 

Recent developments resulted in 
Supplements 1 and 2 to the original 
specification. Oils complying with the 
Supplements have detergents to clean 
engines of sludge and lacquer, prevent- 
ing their accumulation. They also act 
as neutralizer for SO,, which is formed 
from the fuel and can do much damage 
to the engine. 

To qualify as 2-104-B, oils must pass 
a 480 hr test on a Caterpillar engine. 
Bearing corrosion is determined by 
running a Chevrolet gasoline engine at 


Williams spoke on “Turbojet Engine Development 


3150 rpm at 280 F crankcase tempera- 
ture and measuring the actual amount 
the bearings lose in weight for a given 
time. 

These oils have been perfected for 
use in Army ground vehicles and are 
now being used by truck and fleet 
operators. 


Dual Octane Ratings 
Fit Operating Extremes 


®@ Hawaii Section 
Rene Guillou, Field Editor 


Dec. 1—Double octane rating gasolines 
are a valuable aid to the operation of 
aviation engines under widely varying 
conditions at take-off and cruising, 





January 13 meeting. 
Liscouski, Jr. 


Faculty Adviser is Frank Acton. 


Automobile Show next October. 


tific organizations. 





You'll Be Interested To Know... . 


THE ACADEMY OF AERONAUTICS in New York City now has an 
official SAE Student Branch—which starts off with a membership 
of more than 100 SAE Enrolled Students. Approval of Student 
Branch status—for the Student Club organized at the Academy of 
Aeronautics more than a year ago—came from SAE Council at its 
Faculty adviser is SAE. Member Joseph G. 
... TRI-STATE COLLEGE of Angola, Ind., also 
received a Student Branch charter at this same Council meeting. 
This group starts with 96 Enrolled Students who have been conduct- 
ing a constructive program of meetings ever since February, 1949. 


SOCIETY DES INGENIEURS DE L’AUTOMOBILE has invited SAE 
to be represented at its Third International Automobile Technical 
Congress, scheduled to be held in Paris at the time of the Paris 
The sponsoring French committee 
has already received acceptances from leading technical and scien- 
Several SAE members, it is anticipated, will 
be invited to prepare papers for presentation to the Congress. 











stated R. W. Goodale, manager of th, 
lubrication division at Standard Oj 
Co. of Calif. His paper, “What’s Ney 
in Fuels and Lubricants,” was pre 
sented at a dinner meeting. 

Dual rated gasolines are also needed 
to cover the wide range of design 
found in passenger cars, according t 
Goodale. 

Goodale said that growing impor- 
tance of additives has made it neces- 
sary to change our entire thinking on 
crankcase oils. While the advantages 
of compounded or heavy-duty oils have 
been appreciated for many years, the 
growing severity of operating condi- 
tions in conjunction with higher sul- 
fur content of fuels has now made it 
essential to adapt the additives to the 
demands of the particular service 
Several grades of heavy-duty oil have 
accordingly been made available, each 
provided with additives to provide a 
different level of performance. 

Speaking of future developments 
Goodale predicted increased use of hy- 
draulic transmissions in all fields, in- 
cluding both heavy construction equip- 
ment and passenger cars; and heavy- 
duty gasoline and diesel engines of in- 
creased horsepower for a given size 
as well as of larger sizes. 


Automatic Transmissions 
Described by Geschelin 


® Milwaukee Sectior 
H. H. Wakeland, Field Editor 


Feb. 3—Further adoption of automatic 
transmissions in automobiles depends 
on improved production techniques and 
use of cost-saving design innovations 
said Joseph Geschelin, Detroit editor 
of ‘Automotive Industries.” 

Some of the present automatic trans- 
missions were not practical earlier be- 
cause the low-cost production tech- 
niques used in their manufacture did 
not exist. Further cost savings will 
have to be made before automatic 
transmissions will be standard in all 
cars, Geschelin believes. 

Geschelin gave examples of cost- 
saving design for manufacturing in a 
comparison of the Buick “Dynaflow” 
transmission and the later Chevrolet 
“Powerglide” transmission, which are 
similar in operation, but have impor- 
tant differences in construction. The 
Chevrolet transmission makes use of 
steel stampings in the torque converter 
instead of the aluminum castings found 
in the Buick transmission. The rear 
planet carrier and output shaft are 
one-piece forged construction in the 
“Dynafiow” transmission but are sepa- 
rate pieces in the Chevrolet transmis- 
sion. The planet carrier is a steel 
stamping staked to the output shaft. 
In addition, the control valve assembly 
is of cast iron in the Chevrolet, but is 
of aluminum die casting in the Buick. 


SAE JOURNAL 














a OOM HD argent nh 


Geschelin traced the history of auto- 
matic transmissions from the elimina- 
nn of the ‘“‘wobble-stick” to present 


production automatic transmissions 
nd showed how the consistent trend 
has been toward removal of as much 
iriving effort as possible. The present 
transmissions do take much effort out 
yf city driving, and many customers 
are willing to pay for it, Geschelin 
said. The economic importance of re- 
moving driving effort, he said, is shown 
by the presence of torque converters on 
city buses, and their absence on buses 
designed for use on the highway. 


Transmission designers seek to have 
the automatic transmissions act as 
nearly as possible as the brain of the 
driver would want them to, but with- 
out any orders through a clutch or 
gearshift lever. Many problems have 
been met in various ways in the trans- 
missions. The concern over down- 
grade coasting retardation is mostly 
psychological, Geschelin believes. Each 
speed range of a transmission allows a 
terminal car speed which will not be 
exceeded on any given grade. The 


| 
| 


| 














25 Yours Aine 


Facts and Opinions from SAE Journal 


Aeronautics will play an important part 
in Society activities this year. The 
meetings committee has decided to 
hold an aeronautic meeting of national 


| scope in addition to the sessions on 


aeronautics customarily included in the 


| regular meetings of the Society. 


driver need only shift into the lower | 


speed range when descending a hill, 
and the car will be limited to the lower 
terminal speed of the lower transmis- 
sion range. 


The problem of controlling car creep 


more or less satisfactorily. Creep is 
present in all transmissions which are 
coupled through fluid, and increases 
rapidly with increase in engine idle 
speed. This makes the obvious cure 
for creep a lower engine idle speed, 
except that the lowest smooth idling 
speed of the engine tends to increase 
as the engine gets older. The Stude- 
baker transmission has definite auto- 


matic no-creep control which applies 
the rear-wheel brakes on stopping and ' 


releases them when the accelerator is 
touched to drive away. 


Good fuel economy is not a quality 
associated with automatic transmis- 
sions, Geschelin said, but many owners 
are willing to pay for more fuel to get 
driving convenience. Top contender 
for fuel economy is the three-speed 
transmission with overdrive, which is 
likely to remain so for a long time. 
Geschelin believes that transmissions 
which allow the locking out of the 
torque converter will probably give as 
good fuel economy as can be had with 
present-day automatic transmissions. 


Discussion centered around selection 
of rear axle ratios and engine size for 
use with automatic transmissions. It 
is necessary to increase displacement 
or engine speed in order to compensate 
for transmission losses when convert- 
ing from conventional to automatic 
transmissions. This is done in order 
to maintain the same accelerating 
qualities in the range of car speeds 
usually found in city driving. It was 
Suggested that much of the loss in one 
type of transmission comes from the 
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Copies of Part II of Vol. 18 of the Trans- 
actions have been mailed to the 622 members 
who have placed orders for them. (Total SAE 
membership in 1925 was 5,679—ed. note.) 


~~ 
Action taken at the meeting of the SAE 
Lubricants Division indicates that bet- 


ter progress will be made in the near 
future toward more general adoption 


| of the SAE Oil Specification Numbers 


while standing has been dealt with |‘hroughout the 


industry ... Presi- 
dent Horning believes that every mem- 
ber of the Society should give the 
adoption of these specifications his 
earnest consideration. 


A biblicgraphy of the riding-qualities 
of automobiles has recently been pre- 
pared and published in loose-leaf form 
by the Research Department. 


Relative to the efficiency of the Air 
Mail Service, Col. Paul Henderson, 2nd 
Assistant Postmaster General, told the 
Chicago Section that—as a result of 
a four-day test—it was found the trip 
from New York to San Francisco could 
be made in 26 hr and 14 min. The 
mail schedule, however, allows for a 
few hours more. By rail, the trip re- 
quires 91 hr. 
ri 


“It is not at all unlikely,” Herbert Chase told 
the New England Section, ‘that the next 
decade will see developments in car design 
fully as important as, and perhaps more radical 
than, those that have taken place within the 
last 10 years.” Among improvements suggested 
by Chase was: “Transmission.—A gearless or 
continuous-torque type, infinitely and auto- 
matically variable.” 


s 
At a Detroit Section meeting, Joseph 


Bijur made the first announcement of 
his central chassis-lubrication system. 


From a discussion of paper by Hugh 
G. Bersie on “Motorbus Body Design”: 
Question: What is the most comfort- 
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of March, 1925 


able manner of constructing seats over 
wheel housings? 

Answer: It is very difficult to get a 
comfortable seat over a wheel housing. 
Question: What is the best way to 
carry baggage? 

Answer: The roof has been used some- 
what in the Northwest for carrying 
baggage in intercity service. 


In discussion of another paper at the Trans- 
portation Meeting, A. F. Masury predicted that 
heavy-duty buses would be built with six 
wheels within a few years, and pointed out the 
advantages of dividing the driving and the 
braking strains between two axles using four 
wheels. 


Quick warming up, a uniform operat- 
ing temperature, and slow cooling down 
after stopping the engine are the ob- 
jects sought and accomplished in the 
application of so-called steam-cooling 
methods to internal combustion en- 
gines, according to N. S. Diamant, con- 
sulting engineer, National Radiator & 
Mfg. Co. 
* 


In a 1925 Annual Meeting paper, E. A. De 
Waters, chief engineer of Buick, concluded, 
among other things, that large-section, thin- 
walled balloon tires: 
1. Increase the resistance to steering; 
2. Increase tendency toward shimmying 
at higher speeds; 
3. Tend to set up a galloping action when 
inflated to relatively low pressures; 
4. Are likely to have blowouts because of 
the pinching cf the inner tubes, par- 
ticularly if driven in or over hard ruts 


Launching of seaplanes from a cata- 
pult was described in a paper on 
“Naval Aeronautics” by Com. H. C. 
Richardson, USN. 


Personal Notes of the members: Ed- 
ward S. Marks, who previously was as- 
sistant chief engineer of H. H. Franklin 
Mfg. Co., has been made chief engi- 
neer. ... Harry A. Tarantous has be- 
come affiliated with McFadden Publi- 
cations, New York City. . . . SAE Past- 
President George W. Dunham has been 
made president and general manager 
of the newly organized George W. 
Dunham Corp., Utica, N. Y. He was 
associated with Savage Arms Corp. as 
consulting engineer and assistant gen- 
eral manager. 








high pressure pumps used to control 
the transmission rather than the fluid 
coupling slip which is usually blamed. 

It was announced that 10 counties in 
Wisconsin have been added to Mil- 
waukee Section territory. Members 
residing in the new area have been 
added to the section rolls and will be 
officially welcomed at the next meeting. 


Failure of Bearings 
Due to Many Causes 


® Williamsport Group 
William Ribando, Field Editor 


Jan. 9—The manufacture of precision 
ball and roller bearings has been re- 
duced by constant research to a simple 
process, according to Carl Peterson of 
Marlin-Rockwell Co. 

The majority of manufacturers fol- 
low approximately the same process, 
and the materials used are very similar. 


Peterson believes that proper selec- 
tion of bearings for the different ap- 
plications can result in worthwhile 
economies. He stressed the use of 
Class ABC-1 bearing wherever possible 
because it has all the qualities of more 
expensive bearings except precision. 

Causes of bearing failures in the 
order of their importance were given 
as (1) dirt, (2) mounting abuse, such 
as excessive press fit and preload, (3) 
off-square or misalignment, (4) Brin- 
nelling, (5) overheating for assembly, 
and (6) over- and under-lubrication. 

A formula or rule of thumb method 
in the selection of bearings is the DN 
value wherein D is the bore in mm and 
Nis the rpm. A load value of 200,000 
psi is considered satisfactory for most 
applications, and values of 700,000 psi 
are used in extremely severe applica- 
tions. 

Grease, oil, and silicones, are the 
three lubricants ordinarily used in 
bearings. 

The advantages of grease are that it 
simplifies design, needs little attention, 
and is inexpensive. Its disadvantages 
are that there are so Many poor greases 
that tend to separate and oxidize. 

Silicones are desirable for extremely 
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low and high temperatures but are tox 
expensive for ordinary bearing use. 

Oils are more stable, are more satis 
factory for extra high and low tem 
peratures, and are easily obtainable but 
have the disadvantage of being difficult 
to seal and generally call for replenish- 
ment. 


Social Problems Need 
Engineering Approach 


@ Philadelphia Section 
G. B. Calkins, Field Editor 


Jan. 11—‘“A successful engineer is a 
successful human being,” summed up 
a talk on the importance of human 
relations in industry whose pointed 
title, “After Graduation—What?,” 
drew nearly 100 students from neigh- 
boring colleges. 

The speaker was Raymond R. Faller, 
coordinator of training activities for 
Ethyl Corp. 

People strive for certain things in 
their jobs. In order of importance, he 
called these (1) job security, (2) recog- 
nition, (3) interesting work, (4) ade- 
quate pay, and (5) opportunity for 
advancement. To deserve these, he 
continued, the individual must fulfil 
three basic requirements: knowledge 
of the job, drive, and good human re- 
lations. Skill in the last of these, he 
believes, is not infrequently more im- 
portant than the ability to solve tech- 
nical problems. 

At this point, with a figurative bow 
to their alma maters, Faller said he 
considered his audience so well trained 
in technical matters that he would con- 
fine his remarks entirely to the prob- 
lem of human relations. He recom- 
mended a typical engineering ap- 
proach: get the facts, study them, and 
draw conclusions. 

Many of the “facts” about human 
relations, he felt, would be revealed 
by a careful scrutiny of oneself. Super- 
visors, in particular, can learn much 
about handling their men merely by 
asking themselves what qualities they 
most desire in their own superiors. 
Faller reminded the students that, by 
his definition of “supervisor’—someone 
who tells someone else what to do— 
most of them would be in that category 
very soon after finding a job. 

In this capacity, Faller enjoined 
them to recognize and know that spe- 
cial 5% of each man’s personality 
which makes him unique, both in re- 
sponse to treatment and in talent for 
a particular job. Letting the men 
know how they are getting along is 
of first importance, he continued, and 
here constructive criticism is just as 
necessary as giving due credit. 

Finally, an “upset” man differs from 
the same fellow under ordinary cir- 
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umstances, and calls for special at- 


ntion. In such cases, he said, the 

ime-honored engineering approach is 

cain useful: get all the facts . 

tudy them . act on them 
follow up. 

In conclusion Faller called upon his 
listeners to bear in mind their civic 
responsibilities, and privileges, as en- 
cineers. The feeling of some that they 

have nothing to offer” is not justified, 

he said. On the contrary, much un- 
doubtedly can be accomplished by ap- 
plying the engineering approach to 
social problems. 

Asked how best to go about getting 
a job in today’s tight market, he sug- 
gested doing this “in an engineering 
way.” After getting and studying the 
facts, the graduate should decide where 
his basic interest lies, then proceed to 
find what companies do what he wants 
to do. 

After that it is a matter of pre- 
senting himself, either in letters or in- 
terviews, in an intelligent and interest- 
ing manner. Industry, Faller con- 
cluded, generally seeks the “well- 
rounded” man, but there are also many 
tasks which call for the talents of well- 
trained specialists of the sort who work 
best by themselves. 

Discussion by a personnel officer of 
a large chemical company disclosed 
that, in one survey, it was found that 
80% of the failures of technical men 
in industry were due to poor “human 
relations,” only 20% to technical in- 
competence. 


Tape Recorder System 
In Use at Pittsburgh 


® Pittsburgh Section 
Murray Fahnestock, Field Editor 


In order to improve reporting of dis- 
cussion, a tape recorder system has 
been put into use on an experimental 
basis. 

For the first trial, one microphone 
was placed at the speaker’s desk and 
four spotted among the seats towards 
the front of the auditorium (to reduce 
the length of wires). However, this 
made it necessary to ask all discussers 
to move up front—which modest dis- 
cussers are often reluctant to do. 

Picking up everything with the 
microphones proved to have. some 
practical disadvantages, so the next 
time sound recording is used it is 
planned to use only one microphone. 
After the speaker has presented his 
paper, he and the technical chairman 
will bring the microphone down to the 
auditorium floor. All questions will be 
directed to the technical chairman, 
who will repeat them into the micro- 
phone. 
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This will simplify the setting up of 
the tape recorder. Also, it will elimi- 
nate need for discussers to sit in the 
forward part of the auditorium. 


Panel Considers 
Diesel Problems 


® Southern California Section 


Strasser, Acting Field Editor 


Jan. 12—Maintenace, installation, and 
fuel problems were discussed at this 
diesel panel meeting. 

There are many advantages of own- 
ers having units overhauled in a shop 
set up specifically to overhaul com- 
ponent units of the complete engine, 
said LaVerne Morgan, Cummins Diesel 
Engine Co., in discussing maintenance 
problems of major overhaul. 

This type of shop has more special 
tools and equipment available, and its 
mechanics can be better trained to do 
their special pobs. These shops usu- 
ally have an inspection department 
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where the advisibility of using the old 
part or replacing it can be determined 
quickly and accurately. Through these 
shops, declared Morgan, the owner can 
have better service and longer life from 
his equipment. 

Mr. Saliers of Anderson-O’Brien Co., 
West Coast representative for General 
Motors diesel engines, discussed diesel 
generator sets in the oil flelds. He 
showed how these sets could be used 
more efficiently and with greater flex- 
ibility as power for operating pumps, 
compressors, lights, and other equip- 
ment in oil fields. Saliers then com- 
pared the use of diesel generator pow- 


ered equipment with other types 
available. 
In discussing the installation of 


small diesel engines, V. W. Balzer, 
Hollett Mfg. Co., emphasized the need 
for a cushion ia the mounting to ab- 
sorb the small amplitude vibration of 
the engine. Many failures of parts 
and engines are due to this cause. He 
said proper oil and clean fuel prolong 
the life of a diesel engine. 

Dr. V. L. Maleev, professor of en- 
gineering, University of Southern Cali- 
fornia, discussed the use of chrome 
plating of engine parts to aid mainte- 
nance. Chrome plating reduces the 
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‘WISCONSIN 
ir- Cooled. 


HEAVY- 
DUTY 


Run on Timken Tapered 
Roller Bearings 


Ever since the first Wisconsin Air-Cooled Engine was built over 20 years ago, re es 
the crankshaft of every one of these fine engines has been supported by a we 
Tapered Roller Bearings at BOTH ENDS. Here's why: —_ 

1. Tapered Roller Bearings take up all End Thrusts and Radial Loads (impossible Single cyl. 
with other types of bearings). You can mount your drive directly on the ex- 3 to 9 hp. 


tended crankshaft of any Wisconsin Engine without the need for an extra 


thrust bearing or outboard bearing. 


2. Tapered Roller Bearings resist wear to a greater extent than other types 
of bearings not only because of the file-hard surfaces of Timken Tapered Bear- 
ings but also because these bearings are inherently SELF-CLEANING. Oil enters 
at the smaller end of tapered roller bearings and centrifugal force carries it out 
through the large end, thus preventing accumulations of dirt and sludge that 
(Tapered bearings cannot develop shaft-cutting 


is often present in the oil. 
abrasive surfaces. 


3. Tapered Roller Bearings permit flexing of the crankshaft to a much greater 
degree than the longer, rigid plain bearings which cannot stand up under 
flexing conditions, resulting in wearing “‘bell-mouthed" or failing completely. 
We have yet to hear of a single case of Wisconsin Engine bearing failure. 
The use of Tapered Roller Bearings in ALL Wisconsin Engines trom the smatiest 

. 3 to 30 hp., single cylinder, 2-cylinder and 4-cylinder ... 
is typical of the engineering diligence devoted to providing the user with “Most 


to the largest . . 
H.P. Hours of on-the-job service”’. 
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2-cylinder 
7 tol3 hp. 





V-type 4-cyl. 
15-te 30 hp. 
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wear of engine parts and is used prin- 
cipally on cylinder walls. 


the main cause of wear on chrome 
plated surfaces. 


Chrome Rings Reduce 
Cylinder, Ring Wear 


®@ Kansas City Section 


K. J. Holloway, Field Editor 


Jan. 10—In the early days of recipro- 
cating engines, very low engine speeds 
resulted in the item of oil consumption 
being no particular problem, said A. J. 
Weigand, fleet sales engineer for Per- 
fect Circle Corp., in _ presenting 
“Chrome Rings and Their Value in 
Fleet Maintenance.” 

However, with the advent of higher 
engine speeds and increased combus- 
tion pressures such as found in modern 
engines, many improvements in piston 
ring design were necessary to assure 
satisfactory engine endurance and 
operation. 

As the top compression ring is ex- 
posed to the high temperatures of 
combustion, and to dust and other 
abrasive materials within the cylinder, 
the conditions to which this ring is 
subjected are more severe than for 
other rings. Weigand said chrome 
rings were, to a large extent, the 
answer to piston ring problems en- 
countered during operations under 
severe heat and dust conditions in 
North Africa during World War II. 

Use of chrome rings materially im- 
proves scuff resistance and oil con- 
sumption. With chrome rings, a re- 
duction in cylinder and ring wear to 
one fifth that experienced with cast- 
iron rings is not unreasonable. Wei- 
gand further stated that chrome rings 
result in satisfactory oil consumption 
control for a period at least 50% longer 
than may normally be expected with 
cast-iron rings. 

Chrome rings do not require any 
special cylinder material or finish. 
Cylinder walls and finishes which are 
satisfactory for other rings are also 
astisfactory for chrome rings. How- 
ever, due to the incompatibility of 
chrome on chrome, chrome rings must 
never be used in chrome plated cylin- 
ders, he said. 

Weigand pointed out that standard 
Perfect Circle chrome rings are pro- 
vided with from 0.004 to 0.007 in. of 
chrome and some heavy-duty rings 
have a minimum of 0.008 in. chrome. 
To provide a satisfactory surface on 
these rings, the rings are lapped after 
plating. Otherwise, due to the hard- 
ness of the chrome surface, an exces- 
sive run-in period would be necessary 
to seat this type of ring properly. 

Flash chrome rings having a chrome 
thickness of from 0.0001 to 0.0008 in., 
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re not lapped before being installed 
n engines. Therefore, although these 

ngs are less expensive than lapped 
hrome rings, some difficulty in seating 
may be encountered with flash chrome 

ngs. 

Weigand also discussed the procedure 
for knurlizing pistons and results de- 
ived therefrom. By knurlizing the 
najor and minor thrust faces of pis- 
ons, the oil carrying capacity of these 
surfaces is materially increased and 
the tendency of piston scuffing is 
creatly reduced. Use of this procedure 
permits refitting worn pistons. 

An informative film, “The Story of 
Perfect Circle Piston Rings” depicted 
the production and inspection pro- 
cedures involved in the manufacture of 
these rings was also shown. 


CRC Releases 
Four Reports 


HE following Coordinating Research 
Council reports have been released 
for distribution and are available from 
SAE Special Publications Department, 
29 West 39th Street, New York 18, 
N. Y. (This is a complete list of CRC 


Student News 


Lawrence Institute of Technology 


“The hourly rate of pay for time 
spent in study by engineering stu- 
dents is stupendous!” according to 
Bernard E. Ricks, assistant chief en- 
gineer of Thomson Products Inc. He 


engineer during his lifetime are divided 
by the number of hours spent in study, 
the rate is over $20 per study-hour. 
To obtain a greater amount of this 
“premium” pay the engineer must 
possess ability, a pleasant personality, 
a neat appearance, and a great deal 
of ingenuity, he said. The basis for 
the success of the individual lies in his 
ability to obtain cooperation and re- 
spect from others. This cooperation 
and respect can be had only by those 


explained that if extra earnings of the 


reports released since publication of | 
the listing of CRC reports on p. 88 of | 


the November, 1949, SAE Journal.) 


AVIATION FUELS 


Detonation 


CRC-242—Analysis of Detonation 
Flight Test Reports Released by 
Military Services (9/1/48) Price 
15¢ to SAE members; $1.50 to non- 
members 


MOTOR FUELS 


Detonation 


CRC-243—Report on the 1947 Sensi- 
tive Reference Fuel Progam of 
the CFR-MFD Road Test Group 
(5/27/48) Price: 75¢ to SAE mem- 
bers; $1.50 to nonmembers 


LUBRICANTS 


Engine Oiis, Motor 


CRC-244—Engine Oils Lighter than 
SAE 10 (8/49) Price: $2.00 to SAE 
members; $4.00 to nonmembers 


AVIATION FUELS 


Gasoline Additives 


CRC-245—1945 Desert Storage Tests 
on Stability of AN-F-32 Aviation 
Fuels (1/11/49) Price: 75¢ to SAE 
members; $1.50 to nonmembers 
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In the duster and goggles era, automobile body painting was costly, time con 
suming, and inadequate. Not even a paint system of several coats could retard the 
formation of bond-destroying rust under the finish. 

Today, however, a paint finish of outstanding durability and luster, offering 
maximum protection against rust, is obtained in a minimum of time and with a 
minimum expenditure of paint. This is accomplished by treating the sheet steel 
automobile body with "Granodine” prior to painting. 


“cranodine ”: 


changes the surface of pre-cleaned steel, iron and zinc surfaces 
into a smooth, crystalline coating of non-metallic zinc-iron phos- 
phate that anchors paint, enhances luster, inhibits underpaint 
corrosion if the finish is damaged, and adds greatly to paint life 
and metal preservation. 

“Granodine” can be applied by spray, dip, or brush. 

“Granodine” protects the paint finish on automobile bodies 
and sheet metal parts, refrigerator and other cabinets, and, in 
general, products constructed of cold-rolled steel. 

Granodized products are extra-value products. Be sure to tell 
your salesmen — your distributors — your retailers — and the 
public that your products are Granodized. Write us for further 
information. 
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in dress, in speech, and in manner— 
and who have utilized every hour of 
study time to earn the success they 
want. 

Ricks and Bernard Fountain ex- 
plained with slides, the development of 
automotive steering from the most ele- 
mentary systems to the present. 

—Ralph J. Gavin, Field Editor 


indiana Technical College 
The pouring of molten steel and the 


subsequent rolling of huge ingots into 
useful forms, were some of the opera- 
tions of steel dramatized in a movie, 
“Controlled Production of Alloy Steel,” 
produced by Bethlehem Steel Corp. 
The movie, presented on Jan. 18, 
showed steel from the raw stages to 
the finished product. 

To realize an alloy steel of certain 
specifications, precise measurement of 
raw ingredients, temperature, and time 
of exposure to heat treatment are 
necessary, it was stressed. 
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Your Clutch Problem 


Whether yours is a size, type or capacity 
clutch problem, you can save time and effort 
in solving it by utilizing the quarter century 
of clutch designing and building experience 
available in the ROCKFORD engineering 
department. This service not only offers you 
a vast fund of power transmission and control 
know-how, but enables your to examine thou- 
sands of successful ROCKFORD CLUTCH 
applications in hundreds of industries. A let- 
ter or phone call will bring prompt assistance. 
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“Spark Plug,” lent by the U. 
Bureau of Mines, was also shown. 
described the many production pri 
esses through which raw materials 
must go before assuming the shape of 
a@ spark plug. The spark plug w 
presented as an important key to the 
success of modern transportation. 

—J. F. Sbarra, Field Edit 


Northrop Aeronautical Institute 


“Cam engines are not new,” said Kar] 
Hermann, the inventor and designer of 
the Herrmann cam engine, as he spoke 
about its development on Jan. 26. 

“A great many people have tried tc 
build cam engines,” he continued, “‘but 
because of constant failures and the 
lack of funds, they had to give up.” 

Herrmann, aided by slide projec- 
tions, spent the first part of his lecture 
on the history of cam engines and 
showed numerous cross-sections of the 
early developments of the engines. 

He then discussed his own designs, 
of which there are two, a 373 cu in. dis- 
placement cam engine which develops 
180 hp at 1800 rpm, and a 2300 cu in. 
displacement engine which develops 
1800 hp at 1800 rpm. 

“Our engine,” said Herrmann, “con- 
tains six double-ended pistons which 
slide back and forth around the pe- 
riphery of the cylinder block. Each 
piston has two rollers which ride on 
the cam tracks of the main cam. 
Thus the sliding motion of the pistons 
in the cylinder barrels cause rotation 
of the main cam and shaft. The shape 
of the main cam produces harmonic 
motion of the double-ended pistons 
which results in the complete washing 
out of their reciprocal forces. This is 
an important feature of our cam en- 
gine, since the reciprocal] forces con- 
tribute most to ruinous wear and me- 
chanical failures in the conventional 
engine. Gas pressures are similarly 
offset excepting their resultant.” 

Herrmann compared his light-weight 
373 cu in. displacement cam engine 
with a conventional] engine and showed 
how his engine contained fewer parts 
than the conventional one. The con- 
ventional 6-cyl engine has three power 
strokes per revolution with the effec- 
tive torque on the shaft dropping to 
near zero three times per shaft revolu- 
tion, while the cam engine provides 12 
power strokes per revolution, and keeps 
a practically uniform torque on the 
shaft. The forces from the piston in 
a conventional 6-cyl engine have to be 
transmitted through 87 in. of metal as 
compared to 7% in. in the Herrmann 
cam engine, he pointed out. 

Another advantage is the assembly 
of the equivalent of the piston. con- 
necting rod. crankshaft, main bearings, 
and crankcase without the use of a 
bolt, nut, or wrench, until the whole 
unit is buttoned up. 

The engine, only 15 in. in diameter, 
with a weight of 246 lb. would be ideal 
for aircraft since the frontal area 
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-ould be greatly reduced. 

When asked what the cost of pro- 
jucing the Herrmann cam _ engine 
would be, Herrmann said it was esti- 
1ated to be two-thirds of the con- 
entional engine cost. 

Herrmann made an interesting com- 
yarison at the conclusion of his talk 
bv stating that the cost of the ma- 
chinery required to grind crankshafts 
for conventional engines would pay for 
the entire group of machines necessary 
to build a similar size cam engine. 

—Joseph Toth, Field Editor 


Lawrence Institute of Technology 


Before any new model automobile is 
put into production, exhaustive tests 
are made with hand-built models to 
eliminate as far as possible all future 
production delays and customer com- 
plaints, students here learned. 

Mr. Steckling, project engineer for 
the Chrysler Corp., explained that these 


tests range all the way from checking | 
for short belts to 7000-mile cross- | 


country endurance tests. Various sec- 
tions of the country are chosen for 
their suitability in testing individual 
parts of the car. For example, the 
roads of Colorado and San Francisco 
are favored for brake tests, while Cali- 
fornia and Florida’s climates are ideal 
for cooling tests, the hills of Pennsyl- 
vania for transmission tests, and the 
rough roads of Arkansas for chassis 
tests. 
Additional Checks Made 


In addition to these performance 
tests, hundreds of other checks are 
made in the Detroit area, Steckling 
said. These include ride tests, “shake’’ 
tests, and cycle tests. The ride test 
group checks for (a) level ride, (b) 


harshness or weakness of springing, | 


(c) shock absorber control, and (d) 
ability of the sway bar to stop the roll 
of the car in turning corners. Shake 
tests determine (a) flutter of the hood, 
fenders, and other parts at high speeds, 
(b) ability of the car to correct any 
sudden changes in direction and to 
right itself in turning corners, (c) 
wheel fight—the violent shaking of the 
steering wheel in passing over bumps, 
and (d) performance of the heavily 
loaded car. Cycle tests consist of 
driving the car at controlled speeds to 
determine the performance character- 
istics of the engine and the speed at 
which engine and transmission parts 
may attain critical periods of vibration. 
After corrections for faulty designs 
have been made and the model has 
been put into production, similar tests 
are continued on the mass-produced 
cars. At the end of the year test cars 
have been driven an average of 2,000,- 
000 miles under all road conditions, ac- 

cording to the speaker. 
—R. J. Gavin, Field Editor 
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Applications Received 


The applications for membership re- 
ceived between Jan. 10, 1950, and Feb 
10, 1050 are listed below. 


Baltimore Section 
John Donald Best, W. Carroll Mc- 
Kenna, Jr.. Robert W. Scarborough 
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British Columbia Section 


Gene L. Buckman, C. 
Stewart. 


Gordon 


Canadian Section 

Albert G. Almack, Wilfred James 
Chenery, Frederick E. Doyle, Ralph J 
Gignac, Ralph T. Hutchinson, Ants 
Kerson, Bruce Derek Newman, Frank 
H. O’Connor, Douglas G. Scott, Donald 
H. Storey, E. L. Trenholme, Louis F 
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SERVES ON 


G CARS 





\P-MOUNT HYDRAULIC 
CIRCUIT BREAKERS STOPLIGHT SWITCHES 





95 














E’RE proud to be one of the 
electrical manufacturers who 
serve Ford Motor Company. Engineer- 
ing and producing electrical parts vital 
to car performance is a job we've been 
doing for the automotive industry for 
27 years. FASCO INDUSTRIES, 
INC., ROCHESTER 2, N. Y. 


FASCO 


AUTOMOTIVE 
ELECTRICAL 
EQUIPMEN 





Vauthier. 


Chicago Section 


Frank, Walter 
Newman, Robert A 


Squadron Leader R. B. Welch, Jack F. Witten 


Cincinnati Section 
Donald D. Dotson 


Central Illinois Section 
Edward Daniels Grier, Austin P. Mc- 
Cloud, Yale M. 


Miller Cleveland Section 
William Bakos, Edwin A. Brezina, 
P. Ahr, Frank K. Burgess, William Harold Buckley, John J. Car- 
S. Chinery, Walter William lin, John Lengel, Albert L. Pelcin, Her- 
W. Keith, Jr., Fred man J. Troche, George E. Tubb, Hugh 


Ostlind, Arthur J. W. Van Camp, Jr. 


CAN YOUR PRODUCT 


“Staud the Pace” ~ 


IN MODERN, INDUSTRY? 


-ACCELERATIONS ! 


*"}\ VIBRATIONS! 


y\ 
, ~— | \ 
he 
aN. 


PRESSURES ! 
— 


STRESSES ! 
STRAINS | 


SYSTEM D 


A combination linear, 


integrating, and 
3-ke-carrier multichannel recording system 


ACCURATE MEASURING AND RECORDING 


Om elumic ear eemehariittMelrisle(cmiran ds stress, 
strain, pressure, acceleration, Prete @maleye-tetese Meh (ss ae | 
frequency range of zero to 2000 cycles by depend- 
able Consolidated instruments assures many pro- 
gressive companies shat their products are designed 
for maximum durability, life,-and safety, as well as 
economy of size, :weight, and cost. 

You too can be positive by employing Consoli- 
dated Measuring and Recording Systems in your 
plant. For further information on these instru- 

write for Bulletin CEC-1300-X5 ~~ 


> 


ments, 


oN EE RDN 
* oN 


CONSOLIDATED ENGINEERING 
omen Seek © Benen, 
inalytical Instruments for Science and Industry 


620 NO. LAKE AVE. PASADENA 4, CALIFORNIA 











Dayton Section 
Raymond Griswold 


Detroit Section 
Charles F. 


Gar 
Bawden, Jr., Cleafe Allen Best, Walt 
Cornelius, Norman J. Downey, Rollo « 


Austerberry, 


Ellis, Leslie S. Gaugh, Gordon 
Harry, Robert Armstrong Hayste 
William W. Higginbotham, John 


Hollowell, Victor Topeman, Emmett 
Horton, Wally Kozlowske, Stanley 
Kostrzewa, Gene F. LeRoux, Arthur | 
Lieder, Harold E. Lowe, Thomas 
Mainzinger, Frederick G. Matthas 
Jr., Edward John Mazurkiewicz, Jo} 
R. Morrow, R. C. Oglesby, Albert / 
Pilon, Jr., William E. Plummer, Albe 
J. Rhodes, Arden J. Roberts, Arnold 
Seligson, Robert J. Shaltis, Arnold W 
Smith, Joseph M. Stout, Leopold 
Szady, Erik Viuff Quistgaard, Walla 
E. Whitmer, Bernard A. Wilkie, Kez 
neth M. Zemke. 


Indiana Section 
Paul E. Hitch, John P. Lord 


Kansas City Section 
Arthur J. Daniel, A. Edward Smick 


Metropolitan Section 

Emanuel Dragonetti, Miss Aileen C 
Fong, William FF. Geiler, Herbert 
Meltzer, Fred E. Rosenstiehl, Vincent 
J. Rossignol, Francis J. Schlessinger 
Louis Seidman. 


Mid-Continent Section 
D. Glenn Morgan. 


Milwaukee Section 
William A. Thomas. 


Mohawk-Hudson Group 
W. V. Holt, Donald C. Peroutky. 


Northern California Section 
Harry H. Bittner, Irving M. Harlow 
John G. Mingle, Jr. 


Oregon Section 
Melvin L. Gordon 


Philadelphia Section 


Robert E. Conlee, George Alfred 
Deibert, Leon F. Dumont. 


Pittsburgh Section 


H. H. Hossler, Norman H. Wacken- 
hut. 


St. Louis Section 
James Edward Eberhardt 


Southern California Section 

Richard F. Bache, Walter E. Cramer, 
Patrick V. Gough, Orville Harmer, 
John Albert Meursinge, Robert A 
Paulbach, Roland S. Saye, Ralph G 
Schayer. 


Southern New England Section 
Richard Schuyler Wentink. 


Syracuse Section | 
Joseph J. Kotula, Fred John 
Schaefer. 


Texas Section 
W. E. Lessing, Jr. 
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sshington Section 

Prof. Louis H. Crook, Donald S. 
inson, Rear Admiral Alfred Melville 
ide, Albert W. Wallisten. 


Jestern Michigan Section 
Max R. Wiard. 


jutside of Section Territory 

Norman C. Card, Jr., Melbourne 
Fischer, Guthrie Coke Kimbrough, 
Harvey J. Nestle, Victor Palenske. 


oreign 
Reginald Charles Greene, England; 
ferminio Lorenz Kerr, Brazil. 


s 
New Members Qualified 
These applicants qualified for admis- 
sion to the Society between Jan. 10, 
1950 and Feb. 10, 1950. Grades of 
membership are: (M) Member; (A) 
Associate; (J) Junfor; (Aff.) Affiliate; 


(SM) Service Member; (FM) Foreign 
Member. 


Atlanta Group 
Zack T. Layfield (A). 


Baltimore Section 


Herbert H. Bowie (J), Chester L. 
Grabarek (J). 


Buffalo Section 
Roy Irvin Anderson (J), Robert J. 
Walter (M), Martin Philip Wolpin (J). 


Canadian Section 

Edward Berry (A), Charles H. W. 
Cane (A), John Dietrich (J), George 
G. Ingles (A), Robert A. Mitchell (M), 


John Joseph Payne (J), Herbert Arthur 
Potton (M). 


Central Illinois Section 
Howard S. Elder (A), Howard Arthur 


LykKins (J), Randall Roman (M), O. F. 
Wiesemann (M). 


Chicago Section 

Arthur C. Cox (A), John W. Curley 
(M), Donald W. Hosford (A), Bruce 
H. Lundgren (J), John William Mans- 
field (M), Francis E. McDonald (A), 
Frederick Arthur Pitschke (J), Frank 
J. Pozdol (J), Kenneth Sawyer Recu 
(J), John Ronald Ross (M), Frits 
Henry Sandberg (J), F. A. Sawyer (A), 
William E. Schlehahn (A), Seymour 
Morris Schultz (J), Henry J. Sejda 
(A), Joseph Seliber (J), Howard W. 


Sonderman (J), Richard E. Wilkinson 
(J). 


Cleveland Section 

William Ralston Cox (J), Norman 
W. Bestor (M), Raymond J. Karabinus 
(J), John E. Kawecki (J), William G. 
Laffer (A), Oren Roy Linger (J), Fred 
Nevar (J), Dan F. Ostrowski (J). 
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Graphited Bronze Bearings 


for these tough jobs: 


HOISTS *TRUCKS *CONVEYORS 
PUMPS “BRIDGES *PLOWS 
ELEVATORS *TRACTORS 
BUSES *MACHINE TOOLS 


and many other heavy-duty, 
hard-to-lubricate jobs 


BROOK : 
BOUND raphited Bronze Bearings are built 


to withstand cold, heat, dust, mud, water and chemicals. 
Shafts turn freely, day in, day out, on a smooth thin 
film of graphite 8a My Maintenance costs go down 
—service without maintenance goes up. 


Cast bronze, inlaid with graphite. 


CONSULT OUR ENGINEERS 


BOUND BROOK 
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Detroit Section 

William M. Barr (A), Clarence G. 
Bauer (M), William Hugh Boman (J), 
Stewart P. Bower (M), Richard D. 
Brewer (M), Robert W. Bristol (A), 
Edward Melton Brown (J), Clarence R. 
Burdick (M), Robert E. Davidson (J), 
John J. DiPonio (J), Edwin Herbert 
Donaldson (J), Byron A. Fay, Jr. (A), 
Henry A. Fredrickson (J), George Ed- 
ward Fosdick (J), John Ross Gretz- 
inger (M), Rudolph A. Hanson (J), 
Derald Charles Katterman (J), Robert 


C. Keller (J), Nelson Wilton Kunz (J), 
Robert W. Lemon (J), James D. Leslie 
(M), Thomas O. MacDonald (A), 
Harold H. Miller (M), Donald H. Mon- 
son (M), John V. Motto (J), Kenneth 
R. Peterson (A), Albert P. Schweizer 
(M), William Haven Smith (M), 
Robert H. Spahr, Jr. (J), A. J. Thi- 
Bodeau (J), Frank A. Veraldi (M), 
Robert A. Vogelei (J), John G. Wright 
(J), Frank Wesley Wrinn (J), Major 
Rex Harry White, Jr. (SM), Thomas 
A. Zechin (J), E. E. Zimmerman (M). 





rue SAFEST 


Tunc-Sou Flashers have ten years of automotive use to 
recommend them. They start instantly, have crisp action, 
consume little current and are not affected by ambient 
temperatures. A Tunc-Sot Flasher normally lasts for 
the life of the car without attention. There is a type for 


every application. Write for brochure. 


The safety pilot light is an exclusive feature of the Tunc-So 
Flasher and an important one wherever flashing signals are 
employed. In automobile applications it does more than 
tell that the switch is “off” or “on”. It indicates when 
flashing that the signal system is functioning properly. 
Should the pilot light not respond when the switch is on, 
it is a warning of a failure in the circuit. 


DIRECTION 
SIGNALS 








SIGNAL 


TUNG-SOL FLASHERS 


ALSO AUTO LAMPS, ALL-GLASS SEALED BEAM LAMPS AND ELECTRON TUBES 


TUNG-SOL LAMP WORKS INC., Newark 4, N. J. * Sales Offices: Atlanta 
Chicago + Dallas * Denver + Detroit + Los Angeles * Newark + Philadelphia 
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Hawaii Section 


Milton F. English (A), 


Morton FE 
McClaire (A), Clarence C. Montgome: 
(A), Arthur B. Mugg (J). 


Indiana Section 

Lowell A. Black, Jr. (A), Rober 
Frank Lay (J), E. A. Richards (M) 
Bradley A. Woodhull (J), Morris H 
Wilson (J), Karl F. Wacker (J). 


Kansas City Section 
Roger H. Elliott (M). 


Metropolitan Section 

Vincent Charles Angeloro (J), How- 
ard A. Grant (J), Aaron M. Harris (J) 
Hyman Hauser (J), Louis LaRock, Jr 
(M), Kenneth C. Magistrate (J), 
Donato Masucci (J), Jerome Meyerson 
(J), James Edwin O’Hara (A), Peter 
P. Patavino 


(A), Michael Charles 
Paull, Jr. (J), Michael Vincent Pic- 
chiello (J), George Henry Schwarz 


(J), Howard M. Seligson (J), Julian 
Soukey (J), Howard O. Spaulding (J). 


Mid-Continent Section 


W. J. Booth (M), Bill Eugene Coun- 
cil (J), Wilbur L. Nelson (M), Robert 
W. Young (J). 


Milwaukee Section 

C. V. Chappelle (M), Forrest D. 
Gunderson, Jr. (J), Wallace Allan 
Hoftiezer (J), Ross Clement Lovington 


(J), Donald H. Snyder (J), Leslie V. 
Winchester (M). 


Northern California Section 

Charles T. Coleman (J), Edward M. 
Harris (J), Harold Haas (A), William 
Britt Roberts (J), Edward A. Theile, 
Jr. (A), Ist Lt. John C. Wertz (J). 


Northwest Section 
George William Hettrick (J). 


Oregon Section 

A. W. Andersen (A), 
Barnes (M), J. C. Knapp (A), John 
Harlow Pickett (J), Henry Anthony 
Pyzdrowski (J), W. F. Ramp, Sr. (A). 


William P. 


Philadelphia Section 


Malcolm Fox (J), William D. Gor- 
man (A), Morris S. Ojalvo (J), Jack 
Robert Walden (J). 


Pittsburgh Section 
James F. Drake, Jr. (M). 


St. Louis Section 
John M. Hartman, Jr. (J). 


Salt Lake Group 
Harold E. Labelle, Jr. (A). 


Southern California Section 

Donald R. Bull (J), Thomas A. 
Burley (A), Laurence E. Jermy (M), 
Robert D. Koontz (J), Nicholas J. Lin- 
dardos (J), Charles T. Reid (M), Ed- 
win J. Schmidt (J), Richard J. Smith 
(A), Leo E. Ward (M), Rev. Frank 
Joseph Weber (M). 


Southern New England Section 
John L. Cochran (J), 
Turn to p. 100 
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Designed to do a better job 


Aware that these bearings would do a better job than was required, engineers 


in the automotive industry have, for over half a century, designed in Hyatts. 


Millions of Hyatt Roller Bearings of various types and sizes are used in 


transmissions, differentials, pinions, steering gears and wheels. 


Year after year, subject to the most exacting laboratory tests and the 
gruelling grind of road mileage, the answer is always the same—Hyatts 
do a better job. Hyatt Bearings Division, General Motors Corporation, 


Harrison, New Jersey; Detroit, Michigan. 
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Plenty of work here for-+- 
S.S.WHITE METAL MUSCLES” 





SEND FOR THESE 
FLEXIBLE SHAFT 
FACTS 


BULLETIN 4501 
has details and infor- 
mation on flexible shaft 
selection and applica- 
tion. Write for your 
free copy today. 





S.S.White flexible shafts—metal muscles 
for power or control—are being used on 
an ever-widening range of automotive ac- 
cessories. A few typical dashboard appli- 
cations are illustrated above. 


It’s easy to understand why this is so. 
No other basic mechanical element offers 
the same simplicity, economy or ease of 
application. 


With a single self contained S.S.White 
flexible shaft power or control can be pro- 
vided between any two points. The shaft 
can be installed out of the way and can 
be readily adapted to any necessary space 
or operating conditions. 


Remember these “Metal Muscles” 
when you do any automotive designing— 
they can be mighty useful when it comes 
to working out your power drive and 
control problems. 


S.S.WHITE INDUSTRIAL owrision 





DEPT.} 10 EAST 40th ST., NEW YORK 16, N.Y. == 
PLEXIOLE SHAFTS + FLEXIBLE SHAFT TOOLS + AIRCRAFT ACCESSORIES 
SMALL CUTTING AND GRINDING TOOLS + SPECIAL FORMULA RUBBERS 
MOLDED RESISTORS + PLASTIC SPECIALTIES + CONTRACT PLASTICS MOLDING 


Oue of Americas AAAA Industrial Enterprises 
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Peek, Jr. (J), James J. Wesbecher (J), 
Alexander A. Zwierzchowski (J). 


Syracuse Section 
Lloyd George Harrison (J). 


Texas Section 

Robert L. Clinton (J), Harold H. 
|Edwards, Jr. (J), Franklin Cameron 
Lindsay (A), Philip M. Rubins (J). 


| Twin City Section 
Harry Warren Anderson (J), Ray O. 
| Anderson (A). 


| Virginia Section 

| John Clayton Turpin (A). 
Washington Section 

| William John Levedahl (J), Richard 
|G. Salter (J), John W. Stickley (A). 


| Wichita Section 
| Benard F. Scott (M), Wilbur C. 
| Weissmann (A). 


.| Outside of Section Territory 


Edmund T. Bielawa (A), John J. 
;Daus, Jr. (J), L. N. Gushard (SM), 
|Norman R. Holen (J), Horace S. Jef- 
|frey (J), Orion “C” Lamb (M), Jack 
|L. LaVern (A), Robert Arnold Norvell 
| (J), Thomas L. Shepherd (M), William 
| F. Smith, Jr. (J). 


| Foreign 

William H. A. Dandridge (A), So. 
|Africa; Mohamed M. El-Wakil (J), 
|Egypt; D. L. Ferguson (J), Peru; 
|Henry Herbert Hammond (FM), Pak- 
|istan; Henry Maingard (J), Indian 
|Ocean; Fernand Picard (FM), France. 





HAVE YOU 


Changed Your Address? 
| 





So that your SAE mail will reach 
you with the least possible delay, please 
keep SAE Headquarters and the Sec- 
retary of your local Section or Group 
advised of any changes in your address. 
Such notices should be sent to: 


1. Society of Automotive Engineers, 
Inc., 29 West 39th St., New York 
|. 2 3k ee, 

12. The Secretary or Assistant Secre- 
| tary of your Section or Group at the 
| 

| 





addresses listed below: 


Baltimore 
Ward L. Bennett, Baltimore Transfer 


Turn to p. 102 
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SPECIALIZATION. aa 











REG. U. S. PAT. OFF. 


for the finest carburetion 


ECLIPSE-MACHINE DIVISION OF i 
e Standard Equipment Sales: Elmira, N. Y. 
e Service Sales: South Bend, Ind. AVIATION CORPORATION 
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‘FIRST NAME IN GOVERNORS” 


a, SOVERNORS 
YOUR GUARANTEE 
OF SATISFACTORY 
ENGINE CONTROL 
AND PROTECTION 


Time-proven dependability and precision per- 
formance have made PIERCE one of the world's 
largest governor manufacturers . . . offering 
more than 3,000 different types of centrifugal 
governor assemblies to meet every known gov- 
erning problem. 





Write for full information about: Pierce Engine- 
Speed and Road-Speed Governors for gas, gas- 
oline and diesel engines . . . Pierce Servo Gov- 
. Pierce Cable Driven Governors . . . 
Pierce Mercury-Arc and Micro-Switch Governors. 

Pierce engineering service is always available 
for special design or governing problems. 


ernors .. 


WHEREVER GOVERNING IS REQUIRED 


PIERCE 
IS YOUR FIRST CONSIDERATION 
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Co., Monument & Dean Sts., Balti- 
more 2, Md. 
British Columbia 

Burdette Trout, Suite 6, 1436 Pen- 
drill St., Vancouver, B. C., Can. 
Buffalo 

Robert W. Morgan, 32 Windover, 
Hamburg, N. Y. 
Canadian 


Frank G. King, Canadian Automotive 
Trade, MacLean-Hunter Publishing 
Co., Ltd., 481 University Ave., Toronto 
2, Ont., Can. 

Central Illinois 


James C. Porter, 


120 Isabel Ave., 
Peoria, Ml. 


Chicago 

Floyd E. Ertsman, Chicago Section, 
SAE, 1420 Fisher Bldg., 343 S. Dearborn 
St., Chicago 4. 
Cincinnati 


Lape W. Thorne, c/o General Truck 
Sales, Inc., 1650 Central Ave., Cincin- 
nati 14. 


Cleveland 


(Miss) C. M. Hill, 7016 Euclid Ave., 
Cleveland 3, Ohio 


Dayton 
Fred Schwenk, Fred’s Auto Hospital, 


| 1522 Xenia Ave., Dayton 10, Ohio 


| Detroit 


(Mrs.) S. J. Duvall, Detroit Office, 
SAE, 100 Farnsworth Ave., Detroit 2, 
Mich. 


Hawaii 


Fred Hedemann, 2110 A Kakela PL, 
Honolulu, T.H. 


| Indiana 


R. P. Atkinson, General Motors Corp., 
Indianapolis 6, Ind. 


| Kansas City 


John P. Dranek, Box 304, Grandview, 
Mo. 
Metropolitan 

(Miss) J. A. McCormick, Society of 
Automotive Engineers, 29 West 39th 
St., New York 18, N. Y. 
Mid-Continent 

Delton R. Frey, 234 N. Highway, 
Route 2, Cushing, Okla. 
Milwaukee 


Charles H. Duquemin, Le Roi Co., 
1706 S. 68th St., Milwaukee 14, Wis. 


New England 


Edward G. Moody, Ed. G. Moody, 
Boston 20, 


Inc., 
Mass. 


680 Columbus Ave., 


Turn to p. 104 
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When you need more power, without additional weight, and 
installation space is limited . . . when altitudes are high and 
engine power diminishes . . . when the going is uphill, and 
tough .. . those are the times when you need the help of a 
B-W Supercharger. 

Without an appreciable increase in engine space require- 
ments, a B-W Supercharger greatly increases engine per- 
formance and flexibility because it delivers more air to the 
cylinders than the pumping action of the pistons would 
normally draw in. It’s that simple. . . yet this simple principle 
means up to 45% MORE power from the engine! And that 
means smaller original investment, savings in fuel. 

Over 10 years of trouble-free performance in the field have 
proved the leadership of B-W Superchargers. They are de- 
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.. With a B-W Supercharger 


BORG-WARNER CORPORATION 
24700 NORTH MILES ROAD 





For work boats, industrial 
locomotives, etc., super- 
chargers save space and 
fuel. 


For Diesel generating plants, 
B-W Superchargers provide 
maximum performance and 
flexibility. 





signed and built in both sleeve bearing and antifriction 
bearing type . . . the sleeve bearing type being lubricated 
from the engine. 

For complete information . . . and for the full story of 
what B-W Superchargers can do for your Diesel or gasoline 


engines, write today. 


BEDFORD, OHIO 





Northern California 


Morris H. Pomeroy, P. O. Box 427, 
Burlingame, Calif. 


Northwest 


Alfred P. Nelsen, Wagner Electric 
Corp., 1918 First Ave. S. Seattle 4, 


Oregon 


Edward A. Haas, 6334 N. Missouri 
Ave., Portland 11, Oreg. 


Philadelphia 


Linn Edsall, 2301 Market St., Phila- 
delphia 3, Pa. 


Pittsburgh 


Warren J. Tiff, Equitable Auto Co., 
214 N. Lexington Ave., Pittsburgh 8, 
Pa. 


St. Louis 


August H. Blattner, Carter Carbu- 
retor Corp., 2840 N. Spring Ave., St. 
Louis 7, Mo. 


NOT ONLY UP-TO-DATE 
-.-... BUT AWAY AHEAD! 

















FULL DEPTH Filtration... 
a DeLuxe Principle Proven 
RIGHT from the start! 


In the DeLuxe Filter, oil travels the LONG WAY 
—from bottom to top, not side to center as in 
conventional filters. Long oil travel removes harmful 


asphaltenes . . . actually cleanses the oil. 


DELUXE PIONEERS THE MOST IMPORTANT 
ADVANCES IN OIL FILTER DEVELOPMENT! 


More than 15 years ago, DeLuxe Oil 
Filters operated on the Full-Depth 
Filtration Principle. Today’s trend to 
longer oil travel in filters is a tribute 
to the DeLuxe Principle. To insure 
uniform oil flow and prevent collapse 
of the cartridge under pressure, De- 
Luxe developed the exclusive Spring 
and Cone arrangement. The latest 
DeLuxe advancement is the removable 
Sedisump, that permits instant remov- 
al of sump contents and cartridge 
without muss or fuss! For some real 
facts on DeLuxe Advancements write 
for the free ‘Key to Clean Lubrica- 
tion’ Booklet. DELUXE PRODUCTS 
corP., 1413 Lake St., LaPorte, Indiana. 
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San Diego 


Jerome J. Wheeler, Jr., 7321 Oak- 
wood Dr., Linda Vista, San Diego, 
Calif. 


Southern California 


Charles L. Fernau, Standard Oil Co. 
of Calif., 605 W. Olympic Blvd., Los 
Angeles 15, Calif. 


Southern New England 


Alexander M. Watson, 81 Foxcroft 
Dr., Manchester, Conn. 


Spokane-Intermountain 


Peter J. Favre, 10 W. Third Ave., 
Spokane 8, Wash. 


Syracuse 


Leslie R. Parkinson, 117 Harrington 
Rd., Syracuse, N. Y. 


Texas 


Ross A. Peterson, Texas Trade 
School, 1316 W. Commerce St., Dallas 
8, Tex. 


Twin City 


Wayne E. Schober, 4620 Columbus 
Ave., Minneapolis, Minn. 


Virginia 
Robert P. Knighton, Esso Standard 


Oil Co., Broad & Hamilton Sts., Rich- 
mond 21, Va. 


Washington 


Hyman Feldman, 3222 M St., N.W., 
Washington, D. C. 


Western Michigan 


Thomas Reeves, Continental Motors 
Corp., Muskegon, Mich. 


Wichita 
Virgil W. Hackett, 143 N. Fountain, 
Wichita 8, Kans. 


GROUPS 
Atlanta 


H. M. Conway, Jr., Southeastern Re- 
search Institute, Inc., 5009 Peachtree 
Road, Atlanta, Ga. 


Colorado 


Kenneth G. Custer, 1216 South Wil- 
liams, Denver 10, Colo. 


Mohawk-Hudson 


A. Frank Geiler, Schenectady Rail- 
way Co., 121 Erie Blvd., Schenectady, 
BR. E. 


Salt Lake 


Stanley W. Stephens, 36 E. Crystal 
Ave., Salt Lake City 6, Utah. 


Williamsport 
Carroll S. Townsend, General Arma- 


| ture & Mfg. Co., Lock Haven, Pa. 
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